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PREFACE 


The  work  described  herein  was  conducted  by  the  Environmental  Laboratory 
(EL)  of  the  US  Army  Engineer  Waterways  Experiment  Station  (WES).  Funding  was 
provided  by  Che  US  Navy.  Atlantic  Division,  Naval  Facilities  Engineering 
Command  (LANTNAVFACENGCOM) ,  under  Project  Orders  N6141^-89-P0-0002O. 
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(WSWTG) ,  EED,  EL,  by  Drs.  Lynn  Z.  Hales  and  Norman  W.  Scheffner,  Coastal  Pro¬ 
cesses  Branch.  Research  Division,  Coastal  Engineering  Research  Center,  WES; 
and  by  Dr.  Edward  L.  Thackston,  Vanderbilt  University.  Ms.  Carolyn  B. 
Corbett,  EED,  assisted  with  data  analysis  and  preparation.  The  contributions 
of  Mr.  Ron  Vann,  Mr.  Steve  Powell,  and  Mr.  Terry  Getchell  of  Che  Dredging 
Management  Branch  (DMB),  US  Army  Engineer  District,  Norfolk  (CENAO) ;  John 
Mazuch,  Chief,  Cost  Engineering  Branch,  CENAO;  and  Dr.  Thomas  D,  Wright, 
CMRCG.  ERSD,  EL  are  acknowledged.  Technical  review  of  this  report  was  pro¬ 
vided  by  Mr.  Norman  R.  Franclngues,  Chief,  WSWTG,  EL;  Drs.  Wright  and  Charles 
R.  Lee,  CMRCG,  EL;  Dr.  Billy  Johnson,  Estuaries  Division,  Hydraulics  Labora¬ 
tory,  WES;  Messrs.  Powell,  Getchell,  and  Vann,  CENAO;  Mr.  Jeff  McKee,  US  Army 
Engineer  District,  Baltimore;  and  Mr.  Dudley,  LANTNAVFACENGCOM. 

This  study  was  conducted  under  the  direct  supervision  of  Dr.  Raymond  L. 
Montgomery.  Chief,  EED,  and  under  the  general  supervision  of  Dr.  John  Harri¬ 
son,  Director,  EL. 
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CONVERSION  FACTORS.  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-Sl  units  of  measuremeriC  used  In  this  report  can  be  converted  to  SI 


(metric)  units  as  follows; 

_ Multiply _ 

Bv 

To  Obtain 

acres 

4,046.873 

square  metres 

acre  -  feet 

1,233.489 

cubic  metres 

cubic  feet  per  second 

0.02831685 

cubic  metres  per 
second 

cubic  yards 

0.7645549 

cubic  metres 

feet 

0.3048 

metres 

gallons 

3.785412 

litres 

inches 

2.54 

centimetres 

miles  (US  nautical) 

1.852 

kilometres 

pounds  (mass) 

0.4535924 

kilograms 

pounds  (force)  per 
square  foot 

47.88026 

pascals 

square  miles 

2.589998 

square  kilometres 

yards 

0.9144 

metres 
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PHASE  II:  FORMULATION  OF  ALTERNATIVES 


PART  I :  INTRODUCTION 

Background 

1.  The  US  Na'/y,  Atlantic  Division,  Naval  Facilities  Engineering  Command 
(LANTNAVFACENGCOM).  the  US  Army  Engineer  District,  Norfolk  (CENAO),  and  the 

US  Army  Engineer  Waterways  Experiment  Station  (WES)  are  developing  a  long-term 
management  strategy  (LTMS)  for  disposal  of  dredged  material  from  Che  Naval 
Weapons  Station,  Yorktown  (NWS  Yorktown) ,  Yorktown,  VA;  Naval  Supply  Center, 
Cheatham  Annex  (CAX) ,  Williamsburg,  VA;  and  the  Naval  Amphibious  Base,  Little 
Creek  (NAVPHIBASE  LCREEK) ,  Norfolk,  VA.  These  facilities  are  located  as  shown 
in  Figure  1. 

2.  The  concept  for  LTMS  development  is  an  orderly,  sequential  process 
that;  (a)  identifies  dredging  quantities  and  frequencies  and  performs  a  pre¬ 
liminary  assessment  of  needs  versus  the  existing/available  disposal  site 
capacity;  (b)  formulates  alternatives  to  offset  disposal  site  or  capacity 
shortfalls;  (c)  applies  detailed  screening  procedures  based  on  engineering, 
economic,  and  environmental  considerations  to  arrive  at  a  preferred  alterna- 
tive(s);  (d)  develops  procedural,  administrative,  and  long-term  management 
plans  for  LTMS  implementation;  and  (e)  provides  for  periodic  review  and  updat¬ 
ing  of  the  LTMS  plan  to  maintain  viable  long-term  navigation  ( Franc Ingues  and 
Mathis  1990)  . 

3.  The  conceptual  process  of  developing  an  LTMS  and  implementing  a 
long-term  management  plan  (LTMP)  for  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK 
is  presented  in  the  five  phases  shown  in  Figure  2.  Each  phase  in  Figure  2 
consists  of  a  series  of  steps  or  essential  activities  that  lead  to  a  certain 
level  of  decision-making  before  continuing  on  to  the  next  phase.  Phase  I  of 
the  LTMS  has  been  completed  (Zappl,  Palermo,  and  LaSalle  1990),  This  report 
documents  the  Phase  II  effort. 


4.  A  detailed  description  of  the  LTMS  phases  and  the  results  of  the 
Phase  I  effort  are  given  In  Zappl,  Palermo,  and  LaSalle  (1990).  A  suinary  of 
the  results  and  conclusions  from  the  Phase  I  effort  Is  given  belorf. 

Geographic  limits  and  time  frame  for  LTMS 

5.  Considering  the  locations  of  the  facilities  and  potential  disposal 
areas,  the  geographic  limits  for  the  LTMS  should  encompass  the  lower  York 
River  and  lower  Chesapeake  Bay.  A  50-year  disposal  capacity  was  assumed  as 
the  time  frame  for  the  LTMS. 

Dredging  requirements 

6.  Over  the  50-year  life  of  this  LTMS,  the  total  dredging  requirement 
which  must  be  accommodated  is  approximately  4. 880. COO  cu  yd. 

7.  Based  on  historical  dredging  records  for  NWS  Yorktown,  CAX,  and 
NAVPHI3ASE  LCREEK,  the  dredging  tequlrements  are  assumed  as  follows: 

a.  At  NWS  Yorktown,  200,000  cu  yd*  of  material  every  7  years; 

b.  At  CAX,  60,000  cu  yd  of  material  every  10  years; 

£.  At  NAVPrilBASE  LCREEK,  140,000  cu  yd  of  material  every  4  years 
from  the  tributaries  of  Little  Creek  Inlet  (NAVPHIBASE  LCREEK 
tributaries)  and  300,000  cu  yd  of  material  every  10  years  from 
the  main  Little  Creek  channel  (NAVPHIBASE  LCREEK  channel). 

Material  characteristics 

8.  Previous  physical  testing  showed  that  sediment  from  NWS  Yorktown, 
CAX,  and  NAVPHIBASE  LCREEK' s  tributaries  was  primarily  fine-grained  silt  or 
clay,  while  sediment  from  the  NAVPHIBASE  LCREEK’ s  main  channel  was  primarily 
sand.  Limited  sediment  characterization  and  water  quality  testing  have  been 
performed  in  the  past  to  evaluate  disposal  alternatives. 

Environmental  resources 

9.  Environmental  resources  of  concern  for  this  LTMS  are  those  typical 
of  Che  lower  York  River  and  lower  Chesapeake  Bay.  Low-,  middle-,  and  hlgh- 
elevational  marshes,  areas  of  submerged  aquatic  vegetation,  and  oyster  and 
clam  grounds  are  areas  of  special  significance.  Several  threatened  or  endan¬ 
gered  species  are  found  in  this  area  including  the  bald  eagle,  three  species 
of  sea  turtles,  and  the  whorled  pogoala. 


* 


A  cable  of  factors  for  converting  non-SI  units  of  measurement  to  SI 
(metric)  units  is  provided  on  page  5. 


10.  Environmental  concerns  most  often  cited  for  open-water  disposal  In 
this  area  are  direct  burial  of  aquatic  organisms  and  suspension  of  sediments 
in  the  water  column.  Release  of  contaminants  Is  generally  not  a  major 
concern. 

Disposal  Alternatives 

11.  Disposal  alternatives  identified  as  available  options  during 
Phase  1  included  open-water,  confined,  and  beneficial  uses.  The  following 
constraints  on  available  disposal  options  and/or  sites  were  assumed; 

a.  Considering  Che  relatively  small  dredging  volumes  and  the  dif¬ 
ficulty  in  designation  or  selection  of  a  new  open-water  site, 
only  previously  used  or  presently  active  open-water  sites  were 
considered  as  potential  options. 

b.  Considering  the  historical  and  aesthetic  significance  of  upland 
areas  located  adjacent  Co  the  prospective  dredging  areas  and 
the  required  use  of  the  Naval  facilities  for  base  operations, 
only  previously  identified  confined  disposal  facility  (CDF) 
sites  on  Navy  facilities'  property  were  considered  as  available 
options.  In  addition,  it  was  assumed  that  material  dredged 
from  a  particular  facility  could  only  be  disposed  in  a  CDF 
located  on  chat  facility. 

12.  Open- water  disposal.  There  are  seven  potential  open-water  sices 
that  may  be  available  for  use  by  NUS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK. 
These  sites  Include  the  Dam  Neck  and  Norfolk  ocean  sites  and  the  Naval  (Hian- 
nel.  Thimble  Shoal.  York  River,  Wolf  Trap  Alternate,  and  Rappahannock  Shoal 
Alternate  sites  in  lower  Chesapeake  Bay  (Figure  1).  Based  on  the  Phase  I 
evaluation,  there  appeared  Co  be  a  sufficient  capacity  remaining  at  these 
sites  to  allow  the  disposal  of  Che  material  from  NWS  Yorktown,  CAX,  and 
NAVPHIBASE  LCREEK. 

13.  Confined  disposal.  There  are  several  sites  at  NWS  Yorktown  and 
NAVPHIBASE  LCREEK  that  have  the  potential  to  function  as  CDF  sites  for  dredged 
material.  However,  records  did  not  indicate  that  potential  CDF  sites  exist  at 
CAX.  Finding  o  suitable  CDF  site  on  NWS  Yorktown  or  NAVPHIBASE  LCREEK  Is 
complicated  by  various  environmental  concerns  such  as  the  presence  of  wetlands 
and  spring-fed  streams.  The  maximum  capacity  of  the  sites  deemed  tc  be  avail¬ 
able  by  the  Phase  I  evalua'  Ion  Is  approximately  1,042,000  cu  yd. 

14.  Beneficial  uses.  Beach  nourishment  has  been  used  in  the  past  for 
the  disposal  of  material  dredged  from  NAVPHIBASE  LCREEK  Channel.  However, 
only  about  one  third  of  the  material  dredged  from  NAVPHIBASE  LCREEK ’s  main 
channel  has  been  suitable  for  beach  nourishment.  Considering  the  benefits 
that  are  derived  from  beach  nourishment  and  thet  some  of  the  material  from 
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NAVPHIBASE  LCREEK's  main  channel  is  suitable  for  beach  nour IshnienC .  this  fora 


of  disposal  should  continue.  Shoreline  disposal  for  purposes  of  bank  stabili¬ 
zation  at  CAX  seems  to  be  a  potential  use  for  mate'^lal  dredged  from  either  ‘"-S 
V'rktown  or  CAX,  as.sunilng  that  material  characteristics  would  be  suitable  for 
such  use. 

Comparison  of  dredging 
requirements  and  disposal  reso < i r c e s 

15.  The  total  dredging  requirement  for  all  three  faculties  for  the  50- 
year  time  frame  is  approximately  4,880,000  cu  yd.  This  volume  exceeds  the 
maximum  available  volumetric  capacity  (1,042,000  cu  yd)  of  all  the  prime  can¬ 
didate  confined  disposal  sites.  Only  a  portion  of  the  material  at  NAVPHIB.aSE 
LCREEK  is  suitable  for  beach  nourishraant.  Based  on  these  considerations, 
placement  of  a  significant  fraction  of  the  materials  from  the  three  facilities 
at  open-water  disposal  sites  must  be  considered  for  the  long  term 

Purpose  and  Scope  of  Phase  II 


)6.  The  purpose  of  this  report  is  to  docaitenc  Phase  II  of  the  LTMS 
process,  the  formulation  of  practicable*  alternatives  (options)  for  disposal 
of  dredged  .■naterial  for  ;r«S  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK.  The  scope 
of  the  Phase  II  effort  included  the  following; 

a.  An  appropriate  forum  and  a  central  point  of  contact  for  coor¬ 
dination  of  Che  LTMS  process  with  appropriate  resource  agencies 
and  local  interest  groups  was  established.  The  process  used  by 
CENAO  for  coordination  of  Federal  projects  was  identified  as 
Che  most  appropriate  vehicle  for  this  coordination  effort. 

b.  Environmental  engineering,  and  economic  criteria  were  estab¬ 
lished  for  determining  practicable  dredging  and  disposal 
options.  Environmental  criteria  for  acceptability  of  material 
for  open-water  disposal  under  thn  Marine  Protection,  Research, 
and  Sanctuaries  Act  (MPRSA)  in  accordance  with  recently  devel¬ 
oped  Corps/US  Environmental  Protection  Agency  (EPA)  guidelines 
were  especially  critical  to  this  LTMS.  Other  environmental 
criteria  Included  those  for  spatial  and  temporal  proximity  to 
ecologically  sensitive  areas  or  endangered  species,  acceptabil¬ 
ity  of  material  for  beach  nourishment  or  other  beneficial  uses, 
and  decision  points  for  implementation  of  control  measures  for 
contaminated  materials  Engineering  criteria  included 


*  The  terms  practical,  feasible,  and  reasonable  have  specific  meanings  in  the 
context  of  regulations  governing  disposal  of  dredged  material.  For  purposes 
of  this  report,  the  term  "practicable"  is  defined  as  meeting  the  environmen¬ 
tal,  engineering,  and  economic  screening  criteria  developed  for  this  study. 


operational  limitations  on  dredging  equipment  (puraping/haui. 
distances),  physical  hehavior  of  dredged  material  at  disposal 
sices,  and  potential  for  contamloant  transport.  Economic  cri¬ 
teria  involved  comparison  of  costs  of  available  options  with 
previous  practices. 

i  Environmental  and  engineering  studies  necessary  to  evaluate 
each  dredging  and  disposal  option  were  performed.  These 
Included  sediment  sampling  and  characterization,  elutriate 
tests  for  evaluation  of  water  column  effects  due  to  open-water 
disposal,  bioassay  and  bioaccumulatlon  tests  for  evaluation  of 
benthic  effects  at  open-water  sites,  modeling  of  short-term 
physical  behavior  during  open-water  oisposal,  modeling  long¬ 
term  physical  behavior  at  open-water  sites,  settling  and  con¬ 
solidation  tests  to  evaluate  physical  behavior  In  CDFs, 
modiiied  elutriate  tests  for  evaluation  of  CDF  effluent  water 
quality,  and  leachate  evaluati' .is  for  the  potential  for  move¬ 
ment  of  contaminants  into  groundwater  at  CDFs. 

4.  Alterr.ative  dredging  techniques  and  disposal  options  were  iden¬ 
tified  chat  met  the  LTMS  study  objectives  and  the  environmen¬ 
tal,  engineering,  and  economic  criteria. 

£.  The  need  for  further  investigations  under  subsequent  phases  of 
the  LTMS  process  was  determined  and  studies  were  prioritized 
accordingly,  based  on  value  to  the  project  and  costs. 
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PART  II:  SCREENING  CRITERIA  FOR  DREDGING  AND  DISPOSAL  ALTERNATIVES 


17.  The  escabllshnent  of  an  appropriate  forun  and  central  point  of  con¬ 
tact  for  the  LTMS  with  other  Federal  and  State  agencies  was  an  initial  task 
for  Phase  II  develcpment.  The  Norfolk  District  has  an  established  process  for 
such  coordination  in  the  fora  of  regularly  scheduled  meetings  with  all  agen¬ 
cies  to  discuss  Che  status  of  pending  regulatory  actions.  This  process  was 
used  as  the  forum  for  coordination  for  this  LTMS.  Formal  presentations  of  the 
results  of  Phase  I  and  scope  of  Phase  II,  and  a  progress  report  on  the  Phase 
II  effort  were  made  at  the  meetings.  Such  coordination  was  considered  neces¬ 
sary  to  ensure  that  comments  and  concerns  of  the  resource  agencies  and  envi¬ 
ronmental  groups  were  appropriately  considered  in  the  development  of  the  LTMS. 
This  was  especially  critical  in  identifying  appropriate  screening  criteria. 

18.  The  agencies  participating  in  the  coordination  meetings  are; 

US  Army  Engineer  District,  Norfolk 

US  Environmental  Protection  Agency,  Region  III 
US  Fish  and  Wildlife  Service 
National  Marine  Fisheries  Service 
Shoreline  Erosion  Advisory  Service 
Virginia  Marine  Resources  Commission 
Virginia  State  Water  Control  Board 
Virginia  Institute  of  Marine  Science 
Virginia  Council  on  the  Environment 

Regulatory  Framework  and  Management  Strategy 

19.  Because  the  Phase  I  results  indicated  Chat  there  is  insufficient 
confined  disposal  capacity,  the  assessment  of  open-water  disposal  options  was 
considered  a  critical  aspect  of  this  LTMS.  Proposed  discharges  at  ocean  sices 
are  regulated  under  the  MPRSA  (Section  103),  while  proposed  discharges  at 
sites  within  waters  of  the  United  States  (which  Includes  the  bay  sites)  are 
regulated  under  the  Clean  Water  Act  (Section  404).  Further,  confined  disposal 
effluent  discharges  are  regulated  under  Section  404.  Evaluations  for  this 
LTMS  were  performed  under  Che  appropriate  regulatory  framework  established  for 
Sections  103  and  404. 
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20.  All  disposal  options  considered  for  this  LTMS  were  examined  using 
Che  Corps  Management  Strategy  for  evaluation  of  potential  effects  of  contami¬ 
nants  (Francingues  et  al.  1985,  33  CFR  335-338).  The  consideration  of  such 
potential  effects  must  be  conducted  for  regulatory  actions  in  the  same  manner 
as  for  Federal  navigation  projects  (USAGE  1985,  RGL  85-1  and  RGL  90-3).  Under 
the  Corps  management  strategy,  each  potential  contaminant  pathway  was  examined 
by  first  considering  if  there  is  a  potential  problem  for  the  option  under 
consideration.  If  there  is  a  potential  problem,  the  degree  of  contaminant 
release  or  effect  was  evaluated  using  technically  appropriate  testing 
protocols.  Contaminant  controls  can  then  be  considered  to  offset  potential 
effects,  if  required. 


Need  for  Criteria 

21.  As  a  part  of  the  Phase  II  effort,  technical  screening  criteria  for 
dredging  and  disposal  alternatives  were  developed.  In  some  cases,  definitive 
numerical  criteria  were  possible.  In  other  cases,  criteria  were  defined  to 
determine  the  comparative  practicability  of  options.  Environmental,  engineer¬ 
ing,  and  economic  criteria  were  developed.  No  attempt  was  made  at  ranking  the 
relative  importance  of  environmental,  engineering,  and  economic  considerations 
in  determining  technical  practicability.  Rather,  an  option  was  required  to 
meet  all  of  the  criteria  to  be  considered  technically  practicable.  A  summary 
of  the  practicable  criteria  is  given  in  Table  1.  Descriptions  of  the  criteria 
are  given  in  the  following  paragraphs. 

Criteria  for  Open-Water  Disposal 


EQylx.9iiffl.eJD.g,aI„9  r,U9  c  U 

22.  Environmental  criteria  for  open-water  disposal  options  were  devel¬ 
oped  within  the  framework  of  Sections  401  and  404,  Section  103,  and  the  Corps 
management  strategy.  The  main  considerations  in  these  assessments  were  the 
potential  for  physical  impacts  to  sensitive  resources  and  the  acceptability  of 
materials  for  open-water  disposal  from  the  standpoint  of  contamination.  For 
open-water  disposal  options,  water  column  and  benthic  pathways  are  evaluated 
to  determine  if  open-water  disposal  is  acceptable.  These  were  evaluated  using 
the  most  recent  bloassay  testing  and  evaluation  procedures. 
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23.  Physical  Impacts  on  sensitive  resources.  For  in-bay  open-water 
disposal  options,  potential  Impacts  to  sensitive  aquatic  resources  were  con¬ 
sidered.  Large  areas  of  lower  Chesapeake  Bay  are  considered  potential  fisher¬ 
ies.  Further,  some  areas  are  considered  productive  areas  for  submerged 
aquatic  vegetation  or  oyster  or  clam  grounds  (Zappi,  Palermo,  and  LaSalle 
1990) .  In  setting  a  screening  criterion  for  potential  effects  of  such 
resources,  the  existence  of  commercial  fisheries  leases  has  historically  been 
considered  of  most  importance  by  the  resource  agencies.  A  criterion  was 
therefore  sec  concerning  the  existence  of  commercial  leases  within  1  mile  of 
open-water  sites  under  consideration.  If  such  a  lease  existed,  the  site  would 
be  dropped  from  further  consideration.  A  related  criterion  for  In-bay  options 
was  also  developed  regarding  mound  stability  (i.e.,  whether  the  mounded  mate¬ 
rial  remains  at  Che  site  (accumulative  site)  or  migrates  from  Che  site  due  to 
currents  and  wave  action  (dispersive  site)).  In-bay  sites  found  to  be  predom¬ 
inantly  dispersive  were  eliminated  from  consideration.  No  such  criteria 
regarding  potential  physical  impacts  to  adjacent  resources  or  mound  stability 
were  applicable  for  the  ocean  disposal  options,  because  such  impacts  are  con¬ 
sidered  in  the  formal  site  designation  process. 

2U.  Suitability  of  material  for  open-water  disposal.  Under  regulations 
implementing  Che  MPRSA  and  Che  CWA,  Che  suitability  of  placement  of  a  given 
material  at  an  open-water  site  is  evaluated  in  light  of  potential  effects  on 
Che  water  column  and  benthic  organisms  due  to  sediment  contamination.  Federal 
criteria  exist  for  ocean  disposal  but  no  pre-existing  standards  were  specified 
for  the  State  water  quality  certification  process  for  In-bay  disposal.  How¬ 
ever,  it  has  been  common  practice  Co  evaluate  discharges  in  estuarine  waters 
using  the  same,  or  similar,  criteria  as  are  used  for  ocean  sites.  Therefore, 
Federal  MPRSA  criteria  wer»  assumed  to  be  generally  applicable  for  all  ocean 
and  bay  sices  evaluated  as  a  part  of  this  LTMS  study. 

25.  The  Federal  criteria  applied  were  Chose  specified  in  the  draft 
MPRSA  testing  manual  (US  Environmental  Protection  AgencyA^S  Army  Corps  of 
Engineers  1991),  A  tiered  approach  to  testing  and  evaluations  is  specified  in 
the  manual.  Potential  water  column  effects  are  evaluated  in  light  of  the 
Federal  acute  marine  water  quality  criteria  or  water  column  bioassay  results, 
considering  initial  mixing.  Potential  benthic  effects  are  evaluated  in  light 
of  benthic  bloassays,  considering  both  potential  benthic  toxicity  and  bioaccu¬ 
mulation.  The  criterion  for  benthic  bloassays  is  statistically  significant 
toxicity  at  least  20  percent  greater  than  that  of  a  reference  sediment.  The 
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criterion  for  benthic  bioaccumulation  is  statistically  significant  bioaccumu- 
lation  compared  to  a  reference  sediment. 

Engineering  criteria 

26.  Engineering  criteria  are  associated  with  the  design,  construction, 
and  operational  practicability  of  a  dredging  or  disposal  alternative.  For 
example,  can  the  operation  be  accomplished  with  readily  available  equipment, 
are  there  unusual  safety  considerations,  or  is  design  and  construction  possi¬ 
ble  with  conventional  techniques? 

27.  The  engineering  criteria  for  open-water  sites  are  concerned  with 
limitations  on  haul  distance  or  placement  techniques  linked  to  constraints  on 
equipment  capability  (e.g..  available  ocean-going  tugs,  sea  state  constraints, 
limits  on  navigation  accuracy,  etc.)  Practicable  alternatives  would  be  those 
involving  conventional  equipment  and  techniques  and  safe  operating  procedures. 
Economic  criteria 

28.  No  specific  criteria  for  economic  practicability  were  used  for  this 
study.  However,  cost  estimates  were  made  to  determine  if  the  various  options 
were  comparable  with  the  current  costs  of  disposal  at  the  Craney  Island  site. 
These  cost  estimates  were  developed  by  the  CENAO  using  standard  US  Army  Corps 
of  Engineers  (USAGE)  cost-estimating  techniques.  The  major  differences  in 
costs  for  open-water  options  were  related  to  haul  distance. 

Criteria  for  Confined  Disposal 

Environmental  criteria 

29.  Impacts  to  sensitive  resources.  Only  confined  sites  considered  for 
past  disposal  were  considered  in  Phase  I  of  this  LTMS .  For  potential  confined 
disposal  sices,  the  Phase  I  study  indicated  that  the  sensitive  resource  of 
most  concern  is  wetlands.  If  such  sices  were  deemed  to  have  potential  effects 
on  wetlands,  they  were  dropped  from  further  consideration. 

30.  Contaminants .  For  confined  disposal  options,  potential  contaminant 
pathways  Include  effluent  during  hydraulic  filling,  surface  runoff,  leachate 
into  groundwater,  direct  uptake  by  plants  and  animals,  and  emissions  to  air 
(volatiles) ,  Because  the  historical  data  on  sediment  contamination  for  these 
facilities  indicated  relatively  low  levels  of  contamination,  Che  effluent  was 
considered  the  primary  pathway  of  concern.  Since  there  were  no  pre-existing 
Section  401  standards  for  effluent  contaminant  concentrations,  Federal  acute 
marine  water  quality  criteria  were  assumed  to  be  applicable  for  effluent  from 
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CDFs.  The  Norfolk  District  also  has  a  self-imposed  criterion  of  5  g/i  total 
suspended  solids  in  effluents. 

Engineering,  criteria 

31.  Several  engineering  criteria  were  used  for  confined  disposal  sites. 
The  criterion  for  operational  practicability  was  related  to  the  use  of  hydrau¬ 
lic  dredges  with  direct  pipeline  transport  to  confined  sites,  including  any 
constraints  on  pumping  distance  and  static  head.  Additional  engineering  cri¬ 
teria  included  site  conditions  which  would  allow  construction  of  conventional 
earth  dikes.  Any  site  that  had  the  potential  to  conflict  with  other  planned 
land  use  by  the  Navy  was  eliminated  from  further  consideration. 

Economic  criteria 

32.  Criteria  for  economic  practicability  of  confined  options  were  simi¬ 
lar  to  those  for  the  open-water  option  (l.e.,  Are  costs  comparable  with  the 
current  costs  of  disposal  at  the  Craney  Island  facility?) .  The  differences  in 
costs  for  confined  options  are  caused  by  differences  in  the  required  handling 
costs  and  pumping  costs.  Direct  pumping  from  a  pipeline  dredge  at  prospective 
York  River  dredging  areas  to  a  Yorktown  CDF  and  from  NAVPHIBASE  LCREEK  tribu¬ 
taries  to  a  NAVPHIBASE  LCREEK  CDF  would  be  economically  practicable.  Trans¬ 
port  by  barge  and  reslurrying  for  pumping  out  to  the  CDF  would  be  required  for 
disposal  of  York  River  material  at  a  NAVPHIBASE  LCREEK  site,  and  vice  versa. 
This  would  result  in  higher  costs. 

for  .Be.flg.h.Jigyxl,5hJBg.M. 

33.  The  only  beneficial  use  alternatives  under  consideration  for  the 
LTMS  are  beach  nourishment  with  material  from  the  NAVPHIBASE  LCREEK  channel, 
and  perhaps  the  use  of  some  material  from  the  York  River  for  shoreline  protec¬ 
tion.  The  engineering  criteria  for  acceptance  of  materials  for  beach  nourish¬ 
ment  are  based  on  the  material  properties  of  the  existing  beach  material. 
Medium  sand  or  coarser  material  is  desirable,  and  the  percent  fines  should  not 
exceed  15  percent.  Other  factors,  such  as  color  of  sand,  are  also  considered. 
Also,  only  materials  with  low  levels  of  contamination  are  considered  for  beach 
nourishment.  In  general,  material  with  proportions  similar  to  the  existing 
beach  material  is  desired. 
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PART  III:  SEDIMENT  CHARACTERIZATION  AND  NEED  FOR  TESTING  AND  ASSESSMENTS 


Description  of  Prospectiv*^  Dredalnf  Areas 

Naval  Weapons  Station.  Yorktovn 

.  NWS  Yorktown  Is  located  in  southeastern  Virginia  in  York  and  James 
City  Counties  (see  Figure  1),  The  NWS  Yorktown  is  located  about  1.5  miles 
upstream  of  Yorktown,  VA,  on  the  west  bank  of  the  York  River.  The  NWS  York¬ 
town  receives,  stores,  and  provides  Navy  and  Marine  operating  forces  with 
conventional  ammunition,  missiles,  underwater  weapons,  and  special  weapons. 
Dredging  at  NWS  Yorktown  is  required  to  maintain  a  depth  of  42  ft  below  mean 
low  water  (mlw)  on  the  outboard  side  and  18  ft  below  mlw  on  the  inboard  side 
of  Pier  R-3.  The  dredging  frequency  at  NWS  Yorktown  is  assumed  to  be  200,000 
cu  yd  every  7  years.  A  sice  map  showing  the  layout  of  NWS  Yorktown  and  areas 
commonly  dredged  at  NWS  Yorktown  is  shown  in  Figure  3. 

Naval  Supply  Center.  Cheatham  Annex 

35.  CAX  is  located  in  southeastern  Virginia  in  York  County  (see  Fig¬ 
ure  1).  The  CAX  is  located  about  4.5  miles  upstream  of  Yorkto%m,  VA  on  the 
west  bank  of  the  York  River.  The  CAX  laaintains  and  operates  a  material  han¬ 
dling  stock  point  for  receiving,  storing,  packing,  and  shipping  of  material 
under  the  direction  of  the  Naval  Supply  Center,  Norfolk,  VA.  Dredging  at  CAX 
is  required  to  maintain  a  depth  of  35  ft  below  mlw  on  the  north  side,  19  ft 
below  mlw  on  the  south  side,  and  20  ft  below  mlw  on  the  east  side  of  the  sup¬ 
ply  pier.  The  dredging  frequency  at  CAX  is  assumed  to  be  30,000  cu  yd  every 
5  years.  A  site  map  showing  the  layout  of  CAX  and  areas  commonly  dredged  at 
CAX  is  shown  in  Figure  4. 

Naval  Amphibious  Base.  Little  Creek 

36.  NAVPHIBASE  LCREEK  is  located  in  southeastern  Virginia  on  the  south¬ 
ern  shore  of  Chesapeake  Bay  (see  Figure  1).  The  base  is  located  within  the 
city  limits  of  Virginia  Beach  and  Norfolk,  VA,  Little  Creek  Inlet  consists  of 
Little  Creek  Channel  flowing  to  the  north  and  Fisherman's,  Desert,  and  Little 
Creek  Coves  as  tributaries.  The  NAVPHIBASE  LCREEK  is  the  primary  amphibious 
training  support  base  of  the  US  Atlantic  Fleet.  The  CENAO  maintains  the  main 
NAVPHIBASE  LCREEK  Channel  at  a  width  of  400  ft  and  a  depth  of  22  ft  below  mlw 
from  2.5  miles  out  in  the  Chesapeake  Bay  to  I  mile  into  Little  Creek  Inlet. 
Maintenance  of  channel  width  over  400  ft  is  the  responsibility  of  NAVPHIBASE 
LCREEK.  The  NAVPHIBASE  LCREEK  and  private  interests  maintain  the  rest  of 
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Little  Creek  Inlet.  Depths  at  the  piers  located  in  Fisherman's,  Desert,  and 
Little  Creek  Coves  range  from  10  to  25  ft  below  mlw.  The  dredging  frequency 
at  NAVPHIBASE  LCREEK  is  assiimed  to  be  140,000  cu  yd  of  material  every  4  years 
from  the  tributaries  and  300,000  cu  yd  of  material  every  10  years  from  the 
main  channel.  A  site  map  showing  the  layout  of  NAVPHIBASE  LCREEK  and  commonly 
dredged  channel  and  pier  areas  at  NAVPHIBASE  LCREEK  is  shown  in  Figure  5. 

Sediment.  Water,  and  Soil  Sampling 


Methodology 

37.  Sediment  and  water  were  collected  from  the  prospective  dredging 
locations  at  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK.  Data  on  the  character 
of  sediments  at  potential  open-water  sites  were  available  from  previous 
studies  at  the  Norfolk,  Dam  Neck,  Rappahannock  Shoal  Alternate,  and  Wolf  Trap 
Alternate  sites.  However,  no  data  were  available  for  the  Thimble  Shoal,  Naval 
Channel,  and  York  River  disposal  sites.  Therefore,  samples  were  collected  at 
these  sites  for  this  study.  Samples  were  also  collected  at  reference  sites  in 
Chesapeake  Bay  and  at  locations  adjacent  to  the  ocean  disposal  sites.  Soil 
samples  were  also  taken  at  potential  CDFs  at  NWS  Yorktown  and  NAVPHIBASE 
LCREEK.  The  purpose  of  the  sampling  was  to  characterize  th  sediments  and 
soils  and  to  obtain  samples  for  additional  engineering  and  environmental 
tests . 

38.  In  general,  the  locations  of  sediment  sampling  stations  were 
selected  to  provide  representative  areal  coverage.  The  total  number  of  sam¬ 
ples  was  limited  to  approximately  30  because  of  project  cost  considerations . 
The  resulting  spacing  of  the  sample  st.’-tions  is  on  the  order  of  400  ft  and  is 
comparable  to  that  used  for  previous  sampling  efforts.  Water  samples  were 
taken  at  only  one  location.  More  detailed  information  on  the  sample  station 
coordinates  and  depths  is  available  (Waterway  Surveys  and  Engineering,  Ltd. 
1990) .  The  sounding  capability  of  the  sampling  vessel  was  used  to  ensure  that 
shoal  material  was  sampled.  Sample  depth  measurements  indicated  that  none  of 
the  sites  had  shoaled  in  greater  chan  2  ft.  Therefore,  grab  samples  were 
satisfactory  for  obtaining  representative  samples  of  the  shoaled  material. 

39.  The  sampling  stations  at  the  Thimble  Shoal,  Naval  Channel,  and  York 
River  disposal  slte.s  were  located  in  the  centroid  of  the  site  and  were  consid¬ 
ered  representative  of  these  areas.  Sampling  stations  were  located  along  Che 
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center,  long  axis  of  the  Chesapeake  Bay  and  Atlantic  Ocean  reference  sites, 
and  were  considered  representative  of  these  areas. 

40.  Either  conventional  range -azimuth  positioning  using  a  theodolite 
with  electronic  distance  measurement  or  sounding  wheel,  automated  range- 
azimuth  positioning  (Dei  Norte  Rho-Theta  System),  or  Loran-C  positioning  was 
used  to  locate  all  sampling  stations.  Loran-C  positioning  was  used  in  the 
Chesapeake  Bay  and  Atlantic  Ocean. 

Naval  Weapons  Station.  Yorktown 

41.  Sediment  sampltny.  NWS  Yorktown  sampling  stations  were  selected  to 
represent  both  the  outboard  and  inboard  sides  of  Pier  R-3.  A  Ponar  sediment 
sampler  was  used  to  remove  sediment  samples  from  seven  locations  (NVS-10  to 
16)  adjacent  to  Pier  R-3  on  two  separate  occasions.  Approximately  11  i  of 
sediment  from  NWS  Yorktown  was  collected  on  30  November  1989  for  use  in  physi¬ 
cal  and  chemical  analysis.  Approximately  25  gal  of  sediment  from  NU.S  Yorktown 
was  collected  on  10  April  1990  for  use  in  biological  and  settling  column 
tests.  NUS-11  had  to  be  relocated  just  southwest  of  its  original  location 
because  of  a  pile  driver  buoy  located  at  the  original  location  while  sampling 
on  10  April  1990.  Sample  locations  are  shown  in  Figure  6. 

42.  Upon  retrieval,  the  samples  were  placed  in  wooden  or  plastic  con¬ 
tainers  and  subsamples  were  removed  from  the  center  of  the  samples  and  placed 
in  the  appropriate  containers.  Sediment  subsamples  for  use  in  the  chemical 
analysis  were  placed  in  two  40-ml  and  one  500-ml  (or  two  250-ml)  glass  con¬ 
tainers  with  Teflon  lids.  Sediment  subsamples  for  use  in  Che  physical  analy¬ 
sis  were  placed  in  l-i  plastic  containers.  Sediment  subsamples  for  use  in  the 
biological  and  settling  column  tests  were  composited  in  5-gal  polyethylene 
buckets.  Entrapped  air  was  minimized  by  filling  the  sample  containers  to  the 
top.  Sediment  subsamples  for  use  in  chemical  and  biological  tests  were  stored 
on  ice  and  shipped  overnight  to  WES. 

43.  Water  sampling.  Approximately  10  t  of  surface  water  for  chemical 
analysis  and  5  gal  for  elutriate  tests  were  collected  at  Pier  R-3  on  01  Feb¬ 
ruary  1990.  The  samples  were  obtained  by  submerging  a  5-gal  polyethylene 
bucket.  Subsamples  were  poured  into  two  40-ml  and  two  4-i  glass  containers 
with  Teflon  lids  and  a  5-gal  polyethylene  bucket.  The  samples  were  shipped 
overnight  to  WES.  Tlie  40-ml  and  4-f  glass  containers  were  stored  on  ice. 

44.  Soil  sampling.  Surface  soil  samples  were  collected  at  the  Forest 
and  Magazine  13/14  confined  sites  for  visual  classification  and  DTPA  teats. 

The  samples  were  removed  to  a  depth  of  approximately  1  ft,  placed  in  plastic 
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bags,  and  returned  Co  WES.  A  surface  sample  of  approximately  3  f  was  taken 
from  the  southwestern  portion  of  the  Forest  site  and  Che  western  portion  of 
Che  Magazine  13/14  site. 

?Javal  Supply  Center.  Cheatham  Annex 

45  Sediment  sampling.  The  CAX  sampling  stations  were  selected  to 
represent  the  entire  supply  pier  area.  A  Ponar  sediment  sampler  was  used  to 
remove  sediment  samples  from  six  locations  (CA-1  to  6)  adjacent  to  the  supply 
pier  on  two  separate  occasions.  Approximately  9  J  of  sediment  was  collected 
on  28  November  1989  for  use  in  physical  and  chemical  analysis.  Approximately 
25  gal  of  sediment  was  collected  on  10  April  1990  for  use  in  biological  and 
settling  column  tests.  While  sampling  on  10  April  1990,  CA-4  was  relocated 
just  northwest  of  the  November  28  position,  CA-5  was  relocated  Just  southeast 
of  the  November  28  position,  and  CA-6  was  relocated  just  east  of  the  November 
28  position  because  of  objects  blocking  the  positioning  equipment's  signal. 
Sample  locations  are  shown  in  Figure  7. 

46.  Sample  locations  CA-3  and  CA'5  were  originally  located  closer  to 
the  supply  pier.  However,  dredging  on  the  south  side  of  the  supply  pier  in 
November  1989  removed  the  shoal  material  from  this  location.  The  width  of  the 
prospective  dredging  area  was  smaller  than  normal.  Therefore,  the  sample 
locations  were  moved  just  outside  the  prospective  dredging  area  and  were  con¬ 
sidered  to  be  representative  of  shoal  material  adjacent  to  the  supply  pier. 
Sampling  procedures  at  this  site  were  similar  to  those  followed  at  NWS 
Yorktown. 

47.  Water  sampling.  Approximately  10  i  of  surface  water  for  chemical 
analysis  and  5  gal  of  surface  water  for  elutriate  tests  were  collected  adja¬ 
cent  to  the  supply  pier  on  01  February  1990  using  techniques  similar  to  those 
used  at  NWS  Yorktown. 

Naval  Amphibious  Base.  Little  Creek 

48 .  Sediment  sampling.  NAVPHIBASE  LCREEK  sampling  stations  were 
selected  to  co/er  the  entire  length  of  the  NAVPHIBASE  LCREEK  Channel  and  each 
of  the  tributaries.  A  Ponar  or  Shlpek  sediment  sampler  was  used  to  remove 
sediment  samples  from  15  locations  (LC-1  to  15)  in  Little  Creek  Inlet  and 
NAVPHIBASE  LCREEK  Channel  north  of  the  Jetties  on  two  separate  occasions. 
Approximately  23  i  of  sediment  was  collected  on  14  November  1989  and  31  Janu¬ 
ary  1990  for  use  in  physical  and  chemical  analysis.  Approximately  25  gal  of 
sediment  was  collected  on  5,  6,  and  9  April  1990  for  use  in  biological  (10- 
gal)  and  settling  column  (15- gal)  tests.  Sample  locations  are  shown  in 
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Figures  8  and  9.  Sampling  procedures  at  this  site  were  similar  to  those  fol¬ 
lowed  at  NVS  Yorktown  and  CPX. 

49.  Water  sampling.  Approximately  10  i  of  surface  water  for  chemical 
analysis  and  5  gal  of  surface  water  for  elutriate  tests  were  collected  in  the 
N'AVPHIBASE  LCREEK  Channel,  clue  cast  of  Piers  12  and  13  on  31  January  1990. 

The  sample  was  obtained  by  puraping  water  from  a  depth  of  approximately  35  ft 
through  a  non-contaminating  pumo  into  two  40-ml  and  two  4-f  glass  containers, 
and  a  5-gal  polyethylene  bucket.  Samples  uc 'e  shipped  overnight  to  WES.  The 
40-ml  and  4-f  glass  containers  were  stored  on  ice. 

Soil  sampling 

50.  Surface  soil  samples  were  collected  at  the  Pier  60/New  Magazine, 
Beach  Drive,  and  Landfill  sites  for  visual  classification  and  to  perform 
testing.  A  surface  sample  of  approximately  3  i  was  taken  from  the  southwest¬ 
ern  portion  of.  the  Pier  60/New  Magazine  site  and  the  southeastern  portion  of 
the  Beach  Drive  site.  However,  two  surface  samples  of  approximately  1.5  i 
were  taken  from  the  southwest  portion  of  the  Landfill  site  and  composited. 
Sampling  procedures  were  similar  to  those  followed  at  NWS  Yorktown. 

Thimble  Shoal 

51.  Sediment  sampling.  Approximately  2  i  of  sediment  was  collected 
from  the  center  of  the  Thimble  Shoal  disposal  site  (TS-1)  on  02  February  1990 
for  physical  and  chemical  analysis.  A  Ponar  sampler  was  used  to  obtain  the 
sample  with  procedures  similar  to  Chose  used  at  Che  prospective  dredging 
areas.  The  location  of  this  sample  is  shown  in  Figure  1. 

52.  Water  sampling.  Approximately  10  i  of  water  was  collected  at  sta¬ 
tion  T3-1  on  02  February  1990  for  chemical  analysis.  The  sample  was  taken  at 
a  depth  of  approximately  22  ft,  using  a  non-contaminating  pump  and  procedures 
similar  to  those  used  at  the  prospective  dredging  areas. 

Naval  Channel 

53.  Sediment  sampling.  Approximately  2  2  of  sediment  was  collected 
from  the  cente.'  of  the  Naval  Channel  disposal  site  (NC-1)  on  02  February  1990 
for  physical  and  chemical  analysis.  A  Ponar  sampler  was  used  to  obtain  the 
sample  with  procedures  similar  to  Chose  used  at  the  prospective  dredging 
areas.  The  approximate  location  of  this  sample  is  provided  in  Figure  1. 

54.  Water  sampling.  Approximately  10  I  of  water  was  collected  at  NC-1 
on  02  February  1990  for  chemical  analysis.  The  sample  was  taken  at  a  depth  of 
approximately  33  ft,  using  a  non-contaminating  pump  and  procedures  similar  to 
chose  used  at  the  prospective  dredging  areas. 


20 


5~i.  Sediment  sampling.  Approximately  2  i  of  sediment  was  collected 
from  the  center  of  the  York  River  disposal  sice  (YR-1)  on  02  February  1990  for 
physical  and  chemical  analysis.  A  Ponar  sampler  was  used  to  obtain  the  sam¬ 
ple,  and  procedures  were  similar  to  those  used  at  the  prospective  dredging 
areas.  The  approximate  location  of  this  sample  is  provided  in  Figure  1. 

56.  Water  sampling.  Approximately  10  i  of  water  was  collected  from 
YR-1  on  02  February  1990  for  chemical  analysis.  The  sample  was  taken  at  a 
depth  of  approximately  33  ft,  using  a  non-contaminating  pump  '.-'itli  procedures 
similar  to  those  used  at  the  prospective  dredging  areas. 

Chesapeake  Bay  reference  site 

57.  Sediment  sampling.  Approximately  10  gal  of  sediment  was  collected 
on  12  April  1990  from  three  locations  (CB-1  to  3)  in  the  Chesapeake  Bay  refer¬ 
ence  site  for  biological  tests.  A  Shipek  sampler  and  procedures  similar  to 
those  used  at  the  prospective  dredging  areas  were  used  to  collect  the  samples. 
The  approximate  location  of  the  samples  is  provided  in  Figure  1. 

Atlantic  Ocean  reference  sice 

58.  Sediment  sampling.  Approximately  10  gal  of  sediment  was  collected 
from  three  locations  (AR-lA  to  3A)  in  Che  Atlantic  Ocean  reference  site  on 

19  April  1990  for  biological  tests.  Divers  vrere  used  to  obtain  the  samples 
because  of  difficulty  experienced  with  sampling  the  uniformly  graded  sand  at 
this  site  with  the  Ponar  and  Shipek  samplers.  The  approximate  location  of 
this  sample  is  provided  in  Figure  1. 


Sediment  Physical  Characteristics 

59.  The  WES  Geottchnical  Laboratory  performed  grain-size  analysis 
(sieve  and  hydrometer),  Atterberg  Limits,  organic  content,  and  water  content 
tests  on  the  sediment  from  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK  and  the 
Thimble  Shoal,  Naval  Channel,  and  York  River  open-water  disposal  sites.  The 
grain- size  distribution  data  and  Atterberg  Limits  were  used  to  determine  the 
Unified  Soil  Classification  System  (USCS)  classification  of  the  sediment  col¬ 
lected.  Many  of  the  samples  collected  contained  aquatic  vegetation,  roots, 
worms,  shell  fragments,  and  small  pieces  of  debris.  Table  2  provides  a  sum- 
rntry  of  the  physical  analysis  of  the  sediment. 


Naval  Vearons  Station.  Yorktovn 

60.  All  sediment  sampled  at  NVS  Yorktown  (NWS-10  to  16)  nad  a  USCS 
classification  of  CH  (highly  plastic,  in-'rganic  clay).  The  average  liquid 
limit,  plastic  limit,  and  plasticity  index  of  the  sediment  was  111,  36.  and 
78  percent,  respectively.  ..;e  plasti*.  ty  chart  for  NUS  Yorktown,  CAX,  and 
NAVPHIBASE  LCREEK  is  provided  in  Figure  10.  The  average  in  situ  water  content 
of  the  sediment  was  199.3  percent,  the  average  organic  content  of  the  sediment 
was  7.2  percent,  and  the  average  percent  passing  the  No.  200  sieve  was 

95  percent.  The  approximate  grain-size  distribution  ranges  for  the  three 
prospective  dredging  areas  are  provided  In  Figure  11. 

Naval  Supply  Center.  Cheatham  Annex 

61.  All  sediment  sampled  at  CAX  (CA-1  to  6)  had  a  USCS  classification 
of  CH  (highly  plastic,  inorganic  clay).  The  sample  collected  at  CA-6  during 
the  10  April  sampling  effort  contained  significantly  more  shells  than  the 

28  November  sample.  The  average  liquid  limit,  plastic  limit,  and  plasticity 
index  of  the  sediment  was  116,  37,  and  79  percent,  respectively  (see  Fig¬ 
ure  10).  The  average  in  situ  water  content  of  the  sediment  was  190.9  percent, 
the  average  organic  content  of  the  sediment  was  7.2  percent,  and  the  average 
percent  passing  the  No.  200  sieve  was  97  percent  (see  Figure  11). 

Naval  Amphibious  Base.  Little  Creek 

62.  Tributaries .  Of  the  seven  tributary  samples,  five  (LC-1,2,3,8,  and 
9)  at  NAVPHIBASE  LCREEK  had  a  USCS  classification  of  CH  (highly  plastic,  inor¬ 
ganic  clay)  and  the  other  two  samples  had  a  classification  of  SC  (clayey 
sand).  The  average  liquid  limit,  plastic  limit,  and  plasticity  index  of  the 
sediment  from  the  tributaries  was  69,  25,  and  44  percent,  respectively  (see 
Figure  10).  The  average  in  situ  water  content  of  the  sediment  was  142.7  per¬ 
cent,  the  avfccage  organic  content  of  the  sediment  was  4.9  percent,  and  the 
average  percent  passing  the  No.  200  sieve  was  70  percent  (see  Figure  11). 

63.  Channel .  Of  the  eight  channel  samples  at  NAVPHIBASE  LCREEK 
(LC-4,7,  and  10  to  15),  five  had  a  USCS  classification  of  SM  (silty  sand),  the 
remaining  three  channel  samples  had  USCS  classifications  of  SM-SC  (silty  or 
clayey  sand),  SP-SM  (poorly  graded  sand  or  silty  sand),  and  SC  (clayey  sand). 
Note  that  all  channel  sediment  sampled  was  primarily  sand.  Two  of  the  samples 
collected  exhibited  non-plastic  behavior.  One  of  the  three  samples  collected 
at  LC-12  during  the  April  sampling  effort  contained  a  significantly  greater 
fraction  of  fines  than  the  other  two.  The  average  liquid  limit,  plastic 
limit,  and  plasticity  index  of  the  two  samples  were  28,  17.  and  12  percent. 
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respevMvt'lv  (see  Kipjart’  10),  Tlif  averar,<»  in  situ  warer  content  of  the  sedl- 
'.MS  14  0  percent,  the  aver.ipe  ort-.inic  content  of  the  sediment  was  1.4 
perc<'nt,  aril  the  avorar.e  percent  passing  the  Nc .  200  sieve  was  26  percent  (see 
Figure  11). 

T’-lrhle  Khc.-il 

6-*  The  sediment  sampled  at  the  Thlnsble  Shoal  disposal  site  (TS-1)  had 
a  VSCS  c lass L f icat ion  of  SP  tpo'itly  graded  sand  or  gravelly  sand  wi'h  little 
or  no  fines)  and  therefore  exhibited  non-plastic  behavior.  The  in  situ  water 
content  of  the  sediment  was  24.5  percent,  the  organic  content  of  the  sediment 
was  1.3  percent,  and  the  percent  passing  the  No.  200  sieve  was  2  percent. 

S.ival  Ch^ar.nel 

65.  The  sediment  sampled  at  the  Naval  Channel  disposal  .>lte  (NC-1)  had 
a  uses  classification  of  SM  (silty  sand)  and  therefore  exhibited  non-plastic 
behavior.  The  in  situ  water  content  of  the  sediment  was  29.0  percent,  the 
organic  content  of  the  sediment  vis  0.9  percent,  and  the  percent  passing  the 
No.  20G  sieve  was  14  percent, 

York  River 

66.  The  sediment  sampled  at  the  York  r.lver  disposal  site  (YR-1)  had  a 
uses  classification  of  CH  (highly  plastic,  inorganic  clay)  and  there' 
exhibited  non-plastic  behavior.  The  liquid  limit,  plastic  ic-d.t,  and  plastic¬ 
ity  index  of  the  sediment  were  94,  31,  and  63  percent,  respectively.  The  in 
situ  wa  er  content  of  the  sediment  was  148.6  perce  c.  the  organic  content  of 
the  sediment  was  5  1  percent,  and  the  percent  passing  the  No.  2Cu  sieve  was 

96  percent. 

Sediment  Chemical  Characterization 

67.  A  sediment  chemical  inventory  was  performed  on  samples  taken  from 
the  prospective  dredging  areas.  The  purpose  of  the  inventory  was  to  obtain 
information  on  the  chemical  constituents  present  to  guide  decisions  on  the 
need  for  further  environmental  testing. 

68.  Previous  sediment  analyses  described  in  the  Phase  1  study  had  indi¬ 
cated  the  presence  of  metals,  pesticides,  polynuclear  aromatic  hydrocarbons 
(PANs),  and  polychlorinated  biphenyls  (?CBs),  although  at  relatively  low  con¬ 
centrations.  At  previous  coordination  meetings,  the  resource  agencies  had  not 
identified  any  additional  contaminants  of  concern.  Based  on  this,  the  samples 
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wore  analyzed  for  the  full  EPA  priority  pollutant  list  il39  constituents 
total),  but  were  not  analyzed  for  any  additional  constituents. 

6'^,  Results  of  the  Inventory  are  shown  In  Table  3.  Most  of  the  organic 
constituents  on  the  EPA  priority  pollutant  list  were  not  detected  In  any  of 
the  samples.  Table  3  therefore  shows  only  those  parameters  Tor  which  the 
concentration  at  one  or  more  stations  was  above  the  detection  limit. 

70.  Moderate  concentrations  of  metals  (Including  cadmium  and  mercury) 
were  detected  In  the  samples  for  all  three  prospective  dredging  areas.  Some 
of  the  PAHs ,  pesticides,  and  PCBs  were  detected  at  some  stations,  but  concen¬ 
trations  were  low.  Methylene  chloride  was  detected  In  practically  every  sam¬ 
ple;  however,  this  solvent  is  not  of  concern  since  it  Is  used  In  laboratory 
cleanup  and  analytical  procedures  and  was  also  detected  in  quality  analysis/ 
quality  control  (QA/QC)  blanks. 


Need  for  Additional  Testing 

71.  The  results  of  the  sediment  chemical  characterization  served  as  the 
basis  for  an  evaluation  of  the  need  for  additional  environmental  testing.  The 
historical  data  documented  In  the  Phase  I  report  Indicated  a  "reason  to 
believe"  that  contaminants  were  present  in  the  sediments  at  concentrations 
which  would  warrant  more  detailed  consideration.  The  sediment  chemical  char¬ 
acterization  from  the  Phase  II  samples  confirmed  chat  the  sediments  throughout 
Che  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK  tributaries  contained  metals 
(including  cadmium  and  mercury)  and  low  concentrations  of  some  organic  con¬ 
stituents.  However,  the  levels  of  sediment  contamination  e.ldent  In  the  Phase 
II  samples  were  generally  lower  Chan  Chose  in  the  historical  record.  This 
could  possibly  be  due  to  a  gradual  reduction  In  contamination  because  of 
improved  source  control,  or  possibly  from  better  analytical  techniques  now 
available . 

72.  For  open-water  disposal  options,  the  technical  guidance  for  deCer- 
,-nining  acceptability  of  material  for  open-water  disposal  (US  Environmental 
Protection  Agency/US  Army  Corps  of  Engineers  1990)  conCiins  a  tiered  approach 
to  testing.  In  Tier  I,  all  available  data,  to  include  a  sediment  chemical 
Inventory,  are  examined  to  determine  if  water  column  and  benthic  environmental 
testing  and  evaluations  are  required.  Since  ocean  disposal  sites  are  under 
consideration  for  this  LTMS ,  the  presence  of  cadmium  and  mercury  in  the  sedi¬ 
ment.?  mandated  that  such  testing  be  conducted  to  evaluate  ocean  options.  A 
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testing  and  evaluation  program  for  open-water  disposal  options  was  therefore 
performed  for  this  Phase  II  effort  as  described  In  Part  IV. 

73.  As  described  in  the  Phase  I  report,  the  use  of  CDFs  would  be  con¬ 
sidered  to  be  the  most  logical  alternative  for  disposal  of  materials  found  to 
be  unsuitable  for  open-water  disposal.  There  is  not  a  structured  tiered  test¬ 
ing  approach  for  evaluation  of  CDF  options.  However,  the  presence  of  metals 
in  the  sediments  indicated  the  need  for  limited  environmental  testing  and 
assessments  for  the  CDF  alternatives  as  described  in  the  Corps  Management 
Strategy  (Francingues  et  al.  1985).  A  testing  and  evaluation  program  for  the 
CDF  options  was  therefore  performed  as  described  in  Part  V. 

Sample  Compositing  Scheme 

74.  Samples  from  individual  stations  were  composited  for  additional 
engineering  and  environmental  testing,  based  on  the  results  of  the  physical 
and  chemical  characterization.  All  station  samples  for  both  NVS  Yorktown  and 
CAX  were  similar;  therefore,  a  single  composite  for  NWS  Yorktown  (stations 
NWS- 10  to  16)  and  a  single  composite  for  CAX  (stations  CA-1  to  6)  were  devel¬ 
oped.  There  was  a  distinct  difference  between  the  character  of  the  NAVPHIBASE 
LCREEK  Tributary  and  Channel  samples.  Also,  the  entrance  channel  has  been 
historically  dredged  as  a  separate  item  from  any  required  dredging  in  the 
tributaries.  Therefore,  separate  composites  for  the  NAVPHIBASE  LCREEK  tribu¬ 
taries  (1 , 2 , 3 , 5 , 6 , 8 ,  and  9)  and  Channel  (LC-4,7,  and  10  to  15)  were  developed. 
This  yielded  a  total  of  four  composite  samples  for  most  additional  testing. 

75.  The  engineering  tests  for  CDF  evaluations  were  composited  differ¬ 
ently.  For  these  tests,  the  behavior  of  the  fine-grained  sediments  governs 
the  design  of  the  CDF.  Also,  since  no  potential  CDF  sites  were  located  on  CAX 
property,  the  material  from  CAX  was  assumed  to  be  placed  in  the  same  CDF  as 
that  for  NWS  Yorktown.  Based  on  these  considerations,  two  separate  composites 
were  developed  for  engineering  tests  for  CDF  evaluations.  These  were  an  NWS 
Yorkcown/CAX  composite  (stations  NWS-10  to  16  and  CA-1  to  6)  and  a  NAVPHIBASE 
LCREEK  tributaries  composite  (stations  LC- 1 , 2 , 3 , 5 , 6 , 8 , and  9). 

Intended  Use  of  Test  Results 

76.  The  samples  taken  for  physical  and  chemical  characterization  in 
this  Phase  II  study  were  collected  from  stations  distributed  throughout  the 
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areas  historically  dredged  at  each  of  Che  three  facilities.  Composites  of 
these  samples  used  for  conducting  additional  environmental  testing  therefore 
reflect  the  overall  character  of  the  sediments  from  the  study  area.  Test 
results  using  the  composite  samples  are  intended  for  "range finding"  evalua¬ 
tions;  i.e.,  to  determine  the  overall  suitability  of  material  from  the  given 
project  area  for  a  given  disposal  alternative.  This  approach  is  appropriate 
for  an  LTMS  evaluation  aimed  at  Identifying  practicable  long-term  disposal 
solutions . 

77.  Sampling  pi  ns,  compositing  schemes,  and  testing  plans  for  this 
Phase  II  study  were  not  developed  for  a  specific  area  or  volume  of  sediment  to 
be  dredged.  The  test  results  in  this  Phase  II  report  are  therefore  NOT 
Intended  to  be  used  to  support  a  specific  permit  application.  When  specific 
areas  to  be  dredged  are  Identified  in  the  future,  sampling  and  testing  for 
that  specific  permit  application  may  be  necessary.  However,  it  is  hoped  that 
the  results  from  the  "rangefinding"  tests  in  this  study  would  serve  not  only 
to  identify  suitable  long-term  disposal  alternatives,  but  also  to  provide  an 
initial  screening  or  "reason  to  believe"  evaluation  for  some  projects.  This 
should  also  reduce  the  cost  and  complexity  of  any  testing  and  assessments 
required  for  future  specific  permit  applications 
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PART  IV:  ASSESSMENT  OF  OPEN-WATER  DISPOSAL  OPTIONS 


General 

73.  Open-water  disposal  options  were  assessed  using  available  data  on 
site  characteristics  and  the  results  from  laboratory  tests  and  modeling.  The 
open-water  disposal  sites  evaluated  consisted  of  five  in-bay  and  two  ocean 
sites.  Placement  of  materials  from  the  four  prospective  dredging  areas  was 
considered  for  each  of  the  seven  sites,  which  resulted  in  28  possible  options 
for  open- water  placement. 

79.  The  assessment  of  open-water  disposal  options  consisted  of  the 
following : 

a.  Development  of  generalized  site  hydrodynamic  conditions  based 
on  existing  data. 

b.  Standard  elutriate  testing  to  determine  potential  contaminant 
release  to  the  water  column  during  open-water  disposal. 

£,.  Benthic  bioassay  and  bloaccumulatlon  tests  to  determine  poten¬ 
tial  contaminant  effects  on  the  benthos. 

d.  Open-water  disposal  modeling  to  predict  the  short-term  fate  of 
material  placed  at  the  sites,  to  include  initial  water  column 
mixing,  and  descent  and  acctusulation  of  material  on  the  bottom. 

e.  Mound  erosion  and  transport  modeling  to  predict  the  long-term 
fate  of  the  mounds;  i.e.,  whether  the  sites  were  predominantly 
accumulative  or  dispersive. 

Considerations  for  Open-Water  Disposal 

Dredging  method 

80.  Placement  of  materials  from  all  the  prospective  dredging  areas  to 
any  of  the  open-water  sites  involves  long  haul  distances.  Although  dredging 
contractors  normally  have  the  option  of  using  equipment  of  their  choice,  for 
long  haul  distances,  mechanical  dredging  and  transport  by  barge  are  the  most 
efficient  options.  Because  of  this,  it  was  assumed  that  mechanical  dredging 
and  filling  of  bottom-dump  barges  would  be  the  dredging  technique  for  all 
open-water  disposal  options. 

Behavior  of  barge  discharges  in  open  water 

81.  Bucket  dredges  remove  sediment  at  nearly  its  in  situ  density  and 
place  it  in  barges  or  scows  for  ti  msportatlon  to  the  disposal  area.  Although 
several  barges  may  be  used  so  that  the  dredging  is  essentially  continuous. 
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disposal  occurs  as  a  series  of  discrete  discharges.  The  dredged  material  may 
be  a  slurry  similar  to  that  in  a  hopper  dredge,  but  often  sediments  dredged  by 
clamshell  remain  In  fairly  large  consolidated  clumps  and  reach  the  bottom  in 
this  form.  Whatever  its  form,  the  dredged  material  descends  rapidly  through 
the  water  column  to  the  bottom,  and  only  a  ;all  amount  of  material  remains 
suspended  (US  Army  Corps  of  Engineers  1983). 

Short-term  behavior  of  material  placed  In  open  water 

82.  The  short-term  behavior  of  material  placed  In  an  open-water  dis¬ 
posal  site  is  defined  as  that  behavior  which  occurs  within  the  first  few  hours 
of  discharge.  Several  distinct  phases  have  been  observed.  First,  the  convec¬ 
tive  descent  phase,  during  which  the  dump  cloud  or  discharge  Jet  falls  under 
the  Influence  of  gravity.  Second,  the  dynamic  collapse  phase,  occurring  when 
the  descending  cloud  or  jet  Impacts  the  bottom.  And  finally,  the  nasslve 
transport-dispersion,  commencing  when  the  material  transport  and  spreading  are 
determined  more  by  ambient  currents  and  turbulence  than  by  the  dynamics  of  the 
disposal  operation. 

83.  Each  barge-load  of  material  re..eased  behaves  in  a  similar  fashion. 
Therefore,  the  concentrations  of  suspended  sediment  and  any  associated  contam¬ 
inants  In  the  water  column  as  a  function  of  time  and  location,  and  the  area  of 
deposition  of  material  from  a  single  barge-load  on  the  bottom,  are  governed  by 
the  short-term  behavior.  Unless  the  current  velocities  are  unusually  high, 
the  vast  majority  of  the  material  released  from  barges  will  settle  to  the 
bottom  close  to  the  point  of  discharge. 

Long-term  behavior  of  dredged  material  mounds 

84.  For  most  dredging  projects,  multiple  barge- loads  of  material  will 
be  placed  at  an  open-water  site.  As  material  from  successive  barge- loads  is 
deposited  on  the  bottom,  a  mound  of  dredged  material  is  formed.  Once  the 
project  is  completed,  the  resulting  dredged  material  mound  is  exposed  to  the 
long-term  processes  of  consolidation  and  erosion.  Consolidation  of  the  mate¬ 
rial  will  tend  to  reduce  the  size  of  the  mound  and  increase  the  shear  strength 
of  the  material  comprising  the  mound.  Erosion  can  cause  material  to  be  trans¬ 
ported  from  the  mound  or  can  cause  the  centroid  of  the  mound  to  migrate  in  the 
direction  of  the  predominating  currents.  The  potential  for  erosion  is  a  func¬ 
tion  of  the  bottom  currents  and  wave  conditions  at  the  site,  and  must  account 
for  both  normal  conditions  and  those  due  to  periodic  storm  events. 
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Potential  Open-Water  Disposal  Sices 


General 

85.  Considering  the  difficulty  In  locating  a  nev.  open-water  disposal 
site  and  the  relatively  small  volumes  of  material  dredged  from  the  NWS  York- 
town,  CAX,  and  NAVPHIBASE  LCREEK,  only  historically  used  open- water  disposal 
sites,  located  within  a  reasonable  haul  distance,  were  considered  as  potential 
disposal  sites  in  the  Phase  I  study.  These  potential  open-water  disposal 
sices  include  (a)  Dam  Neck,  (b)  Norfolk,  (c)  Thimble  Shoal,  (d)  Naval  Channel, 
(e)  Wolf  Trap  Alternate,  (f)  York  River,  and  (g)  Rappahannock  Shoal  Alternate. 
Two  of  these  sites  (Dam  Neck  and  Norfolk)  are  located  in  the  open  Atlantic 
Ocean,  while  the  remaining  five  sites  are  located  inside  lower  Chesapeake  Bay. 
The  Wolf  Trap  and  Rappahannock  Shoal  disposal  sites  are  located  adjacent  to 
respective  alternate  sites.  As  mentioned  in  the  Phase  I  report,  the  alternate 
sices  were  determined  to  be  more  suitable.  Therefore,  the  Wolf  Trap  and  Rap¬ 
pahannock  Shoal  sites  were  not  considered  in  the  Phase  II  investigation.  The 
locations  of  all  the  sites  are  shown  in  Figure  1. 

86.  Additional  information  on  site  hydrodynamics  and  characteristics 
was  gathered  during  Phase  II  for  use  in  evaluation  of  open-water  disposal 
alternatives.  A  description  of  each  site  and  site  characteristics  are  given 
in  the  following  paragraphs,  and  a  summary  of  the  general  characteristics  is 
presented  in  Table  4. 

Dam  Neck 

87.  The  Dam  Neck  site  is  an  ocean  site  located  approximately  3  nautical 
m^les  southeast  of  Virginia  Beach,  VA  and  7  nautical  miles  south  of  the  Chesa¬ 
peake  Bay  mouth.  The  site  is  located  on  the  nearshore  continental  shelf  and 
is  surrounded  by  productive  marine  waters.  In  addition,  the  site  is  located 
within  a  US  Navy  firing  range.  On  March  31,  1988,  the  Dam  Neck  site  was  des¬ 
ignated  by  the  EPA  as  an  approved  open-water  disposal  site.  The  site  has  an 
area  of  10  square  miles  and  an  average  water  depth  of  approximately  40  ft  mlw. 
In  1985,  the  site  was  expanded  to  a  length  of  30,000  ft  and  a  width  that 
tapers  from  13,000  to  6,000  ft. 

88.  The  Dam  Neck  site  was  first  used  in  1967  for  the  construction  of 
the  Thimble  Shoal  Channel  and  has  since  been  used  for  new  work  and  maintenance 
dredging  from  the  Thimble  Shoal,  Cape  Henry,  and  Atlantic  Ocean  Channels. 
Between  1967  and  1985,  about  20.4  million  cu  yd  of  dredged  material  was 
deposited  at  the  site.  The  material  deposited  ranged  in  size  from  silt  to 
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coarse  sand.  Monitoring  has  indicated  chat  no  significant  environmental 
effects  can  be  attributed  to  previous  disposal  of  dredged  material  at  this 
site . 

89.  The  current  capacity  of  this  site  is  approximately  65  million  cu 
yd,  with  fill  to  the  35-ft  contour.  The  sice  has  an  expected  useful  life  of 
50  more  years  if  only  material  dredged  from  the  Thimble  Shoal,  Cape  Henry,  and 
Atlantic  Ocern  Channels  is  disposed  there.  However,  the  site  only  has  an 
expected  life  of  10  more  years  if  the  material  dredged  from  the  three  channels 
and  the  Norfolk  Harbor  Project  is  disposed  there. 

90.  A  site  management  plan  based  on  the  use  of  seven  sub-areas  was 
placed  in  action  after  the  site  was  expanded.  The  purpose  of  the  plan  is  to 
provide  for  the  uniform  distribution  of  material  and  the  segregation  of  mate¬ 
rial  by  general  type  (sands  and  fine-grained  material)  within  the  site 

(US  Army  Engineer  District,  Norfolk  1989). 

91.  Currents  measured  in  Che  vicinity  of  the  disposal  site  average 
between  5  cm/sec  and  9  cm/sec  during  the  summer,  and  between  4  cm/sec  and 

6  cm/sec  during  the  fall.  Near-bottom  currents  average  between  0  cm/sec  and 
2  cm/sec  during  Che  summer  and  between  1  cm/sec  and  3  cm/sec  during  the  fall. 
Detailed  current  measurements  have  been  obtained  from  stations  located  in  the 
Dam  Neck  disposal  site.  Bottom  currents  were  oriented  north- south  at  3  cm/sec 
to  12  cm/sec  during  Che  presence  of  moderate  wave  action  (US  Army  Engineer 
District,  Norfolk  1985a  and  1985b).  Considering  Che  largest  of  the  recorded 
current  values  of  12  cm/sec,  it  appears  the  typical  non- storm  velocities  at 
the  Dam  Neck  site  are  on  the  order  of  0.4  ft/sec.  A  plan  of  the  site  showing 
site  characteristics  is  shown  in  Figure  12. 

92.  The  Norfolk  site  is  located  approximately  17  nautical  miles  east  of 
the  mouth  of  the  Chesapeake  Bay.  This  site  is  circular  in  shape  and  covers  an 
area  of  approximately  65  square  miles  (radius  -  24,000  ft)  with  an  average 
water  depth  of  70  ft.  This  site  is  being  studied  by  the  EPA  for  Section  102 
designation  (i.e.  designation  for  general  use).  However,  the  designation 
process  could  be  lengthy,  and  the  site  should  therefore  be  considered  as  a 
long-term  alternative  under  the  50-year  LTMS.  Assuming  a  fill  elevation  of 

50  ft,  this  sice  had  a  capacity  of  approximately  1.34  billion  cu  yd. 

93.  Bolcourt  (1981)  obtained  current  measurements  at  four  moorings  on 
Che  cross-shelf  off  of  Chesapeake  Bay.  Velocities  in  a  water  depth  of  18  m 
were  found  to  be  32  cm/sec  during  the  summer.  Winter  currents  were  in  excess 
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of  about  40  cffl/sec.  Nearly  all  occasions  of  high  velocity  were  during  times 
when  directions  were  south-southwest,  parallel  to  Che  isobaths.  Boicourt 
concluded  that  sediment  transport  events  are  therefore  likely  only  during 
strong  northerly  winds,  and  their  transport  direction  is  to  the  south.  Summer 
current  velocities  never  reached  35  cm/sec  during  this  measurement  period. 

94.  Darby  et  al .  (1981)  monitored  the  first  3  of  20  test  disposals  at 
the  sice,  and  found  chat  disposed  material  was  largely  confined  Co  within  a 
300-m  radius  from  a  point  source.  Surface  winds  during  this  time  resulted  in 
water  currents  up  to  62  cm/sec  (2.0  ft/sec).  A  plan  of  Che  site  showing  site 
characteristics  is  shown  in  Figure  13. 

Chesapeake  Bav  sites 

95.  Five  sites  in  lower  Che-;apeake  Bay  are  under  consideration.  The 
Chesapeake  Bay  is  an  unusually  long  and  shallow  estuary  oriented  on  a  north- 
south  axis,  and  extends  approximately  190  miles  north  from  its  mouth.  The  bay 
has  an  average  depth  of  around  28  ft,  with  a  maximum  width  of  about  30  miles. 
Tides  in  Che  bay  are  predominantly  semidiurnal  and  are  characterized  by  low 
amplitudes  (under  2  ft  at  most  locations). 

96.  The  US  Army  Engineer  District,  Baltimore  has  performed  extensive 
investigations  on  Che  active  Uolf  Trap  Alternate  and  Rappahannock  Shoal  Alter¬ 
nate  sites.  However,  the  remaining  bay  sices  have  not  been  used  since  the 
advent  of  Che  National  Environmental  Protection  Act  (NEPA)  and  ocher  environ¬ 
mental  laws.  Consequently,  there  is  little  data  available  for  these  sites. 

97.  Additional  information  on  the  hydrodynamics  of  the  in-bay  sites  was 
developed  using  results  from  the  Chesapeake  Bay  physical  model  (Scheffner  et 
al .  1981).  The  Chesapeake  Bay  model,  a  fixed-bed  model  constructed  to  a  hori¬ 
zontal  scale  ratio  of  1:1000  and  a  vertical  scale  ratio  of  1:100,  reproduced 
the  Chesapeake  Bay  from  the  ocean  to  the  head  of  tides  for  each  tributary. 

The  model  was  equipped  with  Che  necessary  appurtenances  to  accuratel)  repro¬ 
duce  and  measure  tidal  heights,  tidal  currents,  salinity  distributions,  and 
freshwater  Inflows.  Tidal  heights  and  tidal  velocities  were  calibrated  and 
verified  using  the  M2  constituent  tide.  This  component  accounted  for  about  92 
percent  of  the  total  tidal  energy  of  the  system. 

98.  Velocity  sections  were  established  at  appropriate  locations 
throughout  the  Bay  model,  and  specific  velocity  stations  were  positioned  along 
each  section.  Velocity  stations  were  located  at  equal  Intervals  along  the 
sections.  An  estimate  of  the  current  magnitudes  at  the  Chesapeake  Bay 
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open-water  disposal  sites  can  be  obtained  froB  the  velocity- time  histories  at 
the  stations  along  the  various  sections  in  the  near  vicinity  of  the  sites. 
Thimble  Shoal  site 

99.  The  Thimble  Shoal  site  is  located  In  the  Chesapeake  Bay  approxi¬ 
mately  7  miles  north  of  the  entrance  to  Little  Creek  Inlet  or  just  northwest 
of  the  Intersection  of  the  Chesapeake  Bay  Bridge  Tunnel  and  Thimble  Shoal 
Channel.  The  area  of  this  site  is  approximately  1  square  mile.  In  1965,  this 
site  was  used  for  Che  disposal  of  material  dredged  from  Piers  1-9  at  NAVPHI- 
BASE  LCREEK.  Water  depth  in  this  location  is  about  22  ft.  The  Thimble  Shoal 
site  is  located  off  the  mouth  of  the  James  River,  where  maximum  non-storm 
velocities  are  about  2.0  ft/sec.  At  the  nearest  velocity  section  on  the  ocean 
side  of  Thimble  Shoal,  the  maximum  velocities  are  about  2.2  f C/sec.  Hence, 
for  the  Thimble  Shoal  site,  it  appears  the  average  maximum  non-storm  veloci¬ 
ties  are  around  2.1  ft/sec.  A  plan  of  the  site  showing  site  characteristics 
is  shown  in  Figure  14. 

Naval  Channel  site 

100.  The  Naval  Channel  sice  is  located  in  the  Chesapeake  Bay  on  Che 
southeast  end  of  Che  York  River  Entrance  Channel.  This  site  has  an  area  of 
1,056  acres  and  its  bottom  is  relatively  flat  with  water  depths  ranging  from 
32  to  37  ft  mlw.  This  sice  was  used  in  1951-52  during  the  construction  of  the 
York  River  Channel. 

101.  The  nearest  velocity  section  on  the  ocean  side  of  Thimble  Shoal  Is 
also  appropriate  for  ascertaining  velocities  at  the  Naval  Channel  site.  Here 
the  maximum  velocities  were  found  to  be  about  2.2  ft/sec.  The  nearest  veloc¬ 
ity  section  on  the  up-bay  side  of  the  disposal  site  indicates  current  magni¬ 
tudes  of  about  1.2  ft/sec.  Hence,  it  appears  the  average  maximum  non- storm 
velocities  at  the  Naval  Channel  site  are  about  1.7  ft/sec.  The  water  at  the 
Naval  Channel  site  is  significantly  deeper  than  at  the  Thimble  Shoal  site, 
resulting  in  lower  average  current  velocities.  A  plan  of  the  site  showing 
site  characteristics  is  shown  in  Figure  15. 

York  River  site 

102.  The  York  River  site  is  located  in  the  York  River  just  upstream  of 
Sandy  and  Tue  Points  and  the  York  River  mouth.  The  approximate  center  of  this 
site  is  located  300  yd  southeast  of  Nun  Buoy  24.  In  1965,  material  dredged 
from  CAX  and  NWS  Yorktown  was  disposed  at  this  site.  The  water  depth  at  the 
York  River  site  is  about  50  ft. 
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103.  A  Chesapeake  Bay  model  velocity  section  was  established  dl’.ectly 
across  the  York  River  site.  Here  the  average  maximum  non-storm  velocity  was 
found  to  be  about  1.4  ft/sec.  A  plan  of  the  site  showing  site  characteristics 
Is  shown  In  Figure  16. 

Wo, If  Xrae  ,Altgrnatg..,.sU£ 

104.  The  Wolf  Trap  Alternate  site  Is  located  In  the  Chesapeake  Bay 
southwest  of  the  Wolf  Trap  site  and  slightly  overlapping  It.  The  dimensions 
of  this  site  are  approximately  2  by  4  nautical  miles  with  an  average  water 
depth  of  38  ft  and  a  flat  bottom  contour.  As  of  July  1986,  this  site  had  a 
capacity  of  approximately  64.7  million  cu  yd,  with  fill  to  the  30-ft  contour. 
This  site  was  subsequently  used  for  the  disposal  of  20.7  million  cu  yd  of 
material  dredged  from  the  York  Spit  Channel  as  part  of  the  Baltimore  Harbor 
and  Channels  Deepening  Project  and  Is  the  anticipated  site  for  future  main¬ 
tenance  material  from  this  project. 

105.  The  nearest  velocity  section  on  the  up-bay  side  of  the  Naval  Chan¬ 
nel  site  Is  appropriate  as  the  nearest  velocity  section  on  the  down-bay  side 
of  the  Wolf  Trap  Alternate  site.  Here,  r'le  maximum  non-storm  average  current 
velocity  was  found  to  be  1.2  ft/sec.  at  the  nearest  velocity  section  on  the 
up-bay  side  of  the  Wolf  Trap  A1 -f  .ate  site,  the  maximum  non-storm  currents 
are  about  1.8  ft/sec.  Hence,  the  average  maximum  current  velocity  at  the  Wolf 
Trap  Alternate  site  Is  about  1.5  ft/sec.  A  plan  of  the  site  showing  site 
characteristics  Is  shown  in  Figure  17. 

Rappahannock  Shoal  Alternate  Site 

106.  The  Rappahannock  Shoal  Alternate  site  Is  located  In  the  Chesapeake 
Bay  at  approximately  2  nautical  miles  south  of  the  Rappahannock  Shoal  site  and 
measures  approximately  1  by  5  nautical  miles  with  an  average  water  depth  of 

40  ft.  This  site  Is  slightly  sloping  from  east  to  west  and  relatively  flat 
from  north  to  south.  As  of  1986,  this  site  had  a  capacity  of  approximately 
56.6  million  cu  yd,  with  fill  to  the  30-ft  contour.  This  site  was  used  for 
the  disposal  of  8.2  million  cu  yd  of  material  dredged  from  the  Rappahannock 
Shoal  Channel  as  part  of  the  Baltimore  Harbor  and  Channels  Deepening  Project 
and  Is  the  anticipated  site  for  future  maintenance  material  from  the  project. 
Here,  the  water  depth  Is  about  40  ft. 

107.  The  nearest  velocity  section  up-bay  from  the  Wolf  Trap  Alternate 
Site  Is  appropriate  as  the  nearest  velocity  section  down-bay  from  the  Rappa¬ 
hannock  Shoal  Alternate  site,  where  the  maximum  non-storm  velocities  are  about 
1.8  ft/sec.  The  non-storm  velocities  at  the  nearest  velocity  section  up-bay 
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from  Thf  Rappahannock  Shoal  Alternate  site  also  are  about  1.8  ft/sec.  Hence, 
the  average  maximum  non-storm  velocities  at  the  disposal  site  are  about 
1.8  ft/sec.  A  plan  of  the  site  showing  site  characteristics  is  showri  in 
Figure  18. 


Reference  Sites 

108.  The  testing  procedures  for  evaluation  of  open-water  disposal  call 
for  testing  of  a  reference  sediment,  providing  a  point  of  reference  to  which 
effects  of  dredged  material  disposal  as  defined  by  the  testing  can  be  com¬ 
pared.  The  definition  of  a  reference  sediment  is  as  follows  (US  Environmental 
Protection  Agency/US  Army  Corps  of  Engineers  1990): 

A  reference  sediment  is  a  sediment,  substantially  free  of  contami¬ 
nants,  that  is  as  similar  to  the  grain  size  of  the  dredged  mate¬ 
rial  and  the  sediment  at  the  disposal  site  as  practical,  and 
reflects  conditions  that  would  exist  in  the  vicinity  of  the  dis¬ 
posal  site  if  no  dredged  material  disposal  had  ever  occurred,  but 
all  other  influences  on  sediment  condition  had  taken  place.  These 
conditions  have  to  be  met  to  the  maximum  extent  possible .. .The 
reference  sediment  serves  as  a  point  of  comparison  to  identify 
potential  effects  of  contaminants  in  the  dredged  material. 

109.  The  procedures  allow  for  collection  and  testing  of  a  reference 
sample  from  a  single  sampling  point  each  time  a  dredged  material  is  evaluated 
for  suitability  (reference  point  approach)  or  collection  of  reference  samples 
from  an  area  for  one-time  testing  (reference  area  approach).  Since  the  test¬ 
ing  procedures  have  recently  been  developed,  no  decisions  have  yet  been  made 
on  which  approach  will  be  used  for  the  bay  and  ocean  sites  under 

coni (deration . 

110.  For  purposes  of  this  LTMS,  two  separate  reference  areas  were 
selected  which  met  the  conditions  described  above.  One  site  was  located  in 
the  Chesapeake  Bay  and  the  other  was  located  in  the  Atlantic  Ocean.  The 
selected  reference  locations  are  geographically  adjacent  to  the  sites  and  were 
expected  to  be  substantially  free  of  contaminants  and  representative  of  condi¬ 
tions  adjacent  to  the  sice  but  not  directly  influenced  by  previous  disposal. 

It  was  not  practical  to  base  the  selection  of  the  reference  sites  on  bottom 
sediment  grain  size  similar  to  the  dredged  material  and  the  sediment  at  the 
disposal  sites  since  these  sediment  grain  sizes  were  markedly  different.  If 
open-water  disposal  sices  are  .selected  for  disposal,  a  different  reference 
site  may  be  more  appropriate. 
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111.  The  Atlantic  Ocean  reference  site  Is  located  just  southeast  of 
Smith  Island  Shoal  (see  Figure  1),  This  site  was  selected  based  on  existing 
bottom  sediment  characteristics  and  prevailing  current  directions  in  the 
vicinity  of  the  Dam  Neck  and  Norfolk  disposal  sites.  Since  both  the  Dam  Neck 
and  Norfolk  sites  are  being  considered,  it  was  deemed  cost-effective  to  use 
one  reference  for  these  sites. 

112.  The  Chesapeake  Bay  reference  sice  is  located  between  the  York 
River  Entrance  and  York  Spit  channels  (see  Figure  1) .  This  site  was  selected 
based  on  its  centralized  location  with  respect  to  all  Chesapeake  Bay  sites 
under  consideration.  Similarly,  since  the  bay  sices  are  located  within  the 
same  general  area,  one  reference  area  was  deemed  cost-effective.  It  was  not 
practical  Co  base  the  selection  of  Che  bay  reference  areas  on  bottom  sediment 
grain  size  similar  to  the  dredged  material  and  the  sediment  at  the  disposal 
sites  since  these  sediment  grain  sizes  were  markedly  different  (see  descrip¬ 
tions  in  Part  III). 

113.  Note  that  the  testing  for  the  LTMS  is  for  purposes  of  "rangefind¬ 
ing."  If  open-water  disposal  alternatives  and  sices  are  later  selected,  a 
different  reference  site  or  reference  area  may  be  more  appropriate. 

Tiered  Testing  Approach 

114.  A  major  requirement  for  Che  assessment  of  open-water  options  was 
Che  determination  of  suitability  of  the  materials  for  open-water  disposal. 

This  determination  Involved  laborato'y  tests  for  evaluating  potential  water 
column  and  benthic  effects  due  to  the  presence  of  contaminants.  This  testing 
was  conducted  using  the  approaches  given  in  the  latest  draft  revision  of  the 
Section  103  implementation  manual  (US  Environmental  Protection  Agency/US  Army 
Corps  of  Engineers  1990) .  These  procedures  call  for  a  tiered  testing  approach 
with  the  tiers  generally  following  this  sequence: 

a.  Tier  1  evaluation;  i.e.,  a  "reason  to  believe"  determination  if 
contaminants  are  present  and  could  potentially  present  an  envi¬ 
ronmental  problem, 

b.  Tier  II  tests  involving  chemically  based  tests  and  assessments. 

2,.  Tier  111  tests  involving  biological  testing. 

115.  In  general,  the  successive  tiers  Involve  more  complex  and  costly 
evaluations.  However,  the  tiered  testing  approach  calls  for  conducting  only 
those  tests  deemed  necessary  with  decisions  made  in  the  initial  tiers  if 
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possible.  The  Phase  I  assessment  of  past  information  (Zappi,  Palermo,  and 
LaSalle  1990)  and  the  sediment  chemical  analysis  conducted  for  Phase  II,  as 
described  in  Part  III,  indicated  that  contaminants  were  present.  Further,  the 
presence  of  cadmium  and  mercury  in  the  sediments  mandated  benthic  bloassay  and 
bioaccumulation  testing  for  assessment  of  ocean  disposal  options.  Therefore. 
Tier  II  and  Tier  III  testing  were  conducted  for  this  Phase  II  evaluation. 

Standard  Elutriate  Testing 

116.  Standard  elutriate  tests  (US  Environmental  Protection  Agency/ 

US  Army  Corps  of  Engineers  1990)  were  conducted  on  the  four  composite  samples 
from  the  prospective  dredging  areas.  The  standard  elutriate  test  is  a  Tier  II 
test  designed  to  simulate  the  release  of  contaminants  to  the  dissolved  phase 
during  open-water  disposal.  For  this  study,  the  contaminant  concentrations 
resulting  from  the  test  were  compared  to  Fedeial  marine  acute  criteria. 

117.  The  standard  elutriate  test  consists  of  mixing  sediment  and  water 
at  a  1:4  volumetric  ratio,  agitating  the  mixture  for  30  min,  allowing  the 
mixture  to  settle  for  1  hr,  and  extracting  the  sample.  The  sample  is  filtered 
through  a  0.45-^jm  filter  prior  to  chemical  analysis. 

118.  The  sediment  chemical  inventory  for  samples  from  the  prospective 
dredging  areas  was  examined  to  determine  the  appropriate  chemical  analysis  for 
the  elutriates.  Metals  were  detected  in  samples  from  all  of  Che  prospective 
dredging  areas.  Pesticides  and  PCBs  were  also  detected  in  some  sediment  sam¬ 
ples.  However,  the  concentrations  were  low,  and  these  contaminants  are 
tightly  bound  to  sediment  particles.  PAHs  were  also  detected  in  some  samples 
and  are  not  as  tightly  bound  as  pesticides  and  PCBs.  The  elutriate  samples 
were  therefore  analyzed  for  metals  and  PAHs  only. 

119.  Results  of  the  standard  elutriate  tests  are  shown  in  Table  5. 

Only  those  parameters  chat  were  detected  in  the  elutriates  are  tabulated. 

None  of  the  PAHs  were  detected  in  Che  elutriates.  Metals  were  detected,  but 
all  were  at  concentrations  below  the  Federal  acute  marine  water  quality 
criteria . 
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120.  There  <-re  no  Tier  II  benthic  toxiclt>  test  procedures.  Therefore, 

Tier  III  benthic  bioassay  tests  were  performed.  The  purpose  of  benthic  sedi¬ 
ment  bicassays  is  to  assess  the  potential  toxici.y  of  dredged  material  in 
order  to  provide  an  objective  technically  sound  basis  for  determining  dispo¬ 
sal  options.  To  conduct  such  tests,  the  toxlcltles  of  the  project  materials 
are  compared  to  those  of  reference  sediments  representing  the  disposal  site 
environs.  In  this  test,  potential  impacts  of  dredged  material  from  Naval 
installations  adjacent  to  the  Chesapeake  Bay  are  compared  to  two  reference 
sites:  in-bay  and  ocean. 

■Anoro  ach 

121.  .Sediments .  Sediments  were  collected  from  four  different 
sites  in  southern  Chesapeake  3ay :  two  sices  adjacent  to  Naval  Amphi¬ 
bious  Base,  Little  Creek;  one  site  in  the  York  River  adjacent  to  Che 
NWS  Yorktown;  .and  a  site  near  CAX.  In  addition,  two  reference  sedi¬ 
ments  were  collected:  a  site  within  the  Chesapeake  Bay,  and  an  Atlantic 
Ocean  reference  site. 

122.  All  sediments  were  received  at  WES  in  5-gal  sealed  buckets,  packed 
in  ice  for  transport.  Each  project  sediment  was  then  homogenized,  pre-sieved 
through  1-mm  stainless  steel  me.sh,  and  stored  in  1-gal  sealed  buckets.  Par¬ 
ticle  size  analysis  and  organic  carbon  from  loss  on  ignition  (LOI)  were  calcu¬ 
lated  for  each  of  the  test  sediments.  The  particle  size  was  calculated  accord¬ 
ing  to  the  methods  of  Patrick  (1R58).  Loss  on  ignition  was  determined  using 
the  procedure  of  Allen  et  al .  (1974).  Sediments  were  stored  at  4'  C  for  no 
more  than  2  weeks  prior  to  testing. 

123.  Test  organism.  The  benthic  infaunal  polychaete  worm,  Seanthes 
arenaceodenCaca ,  was  used  to  evaluate  the  acute  lethality  of  sediments  from 
Naval  facilities  in  southern  Che^  oeake  Bay.  This  marine  worm  has  a  cosmopol¬ 
itan  geographic  distribution  from  the  English  Channel  to  Spain,  Massachusetts 
to  Florida,  Southern  California  to  Mexico,  localities  in  the  Pacific,  India, 
and  Africa  (Pettibone  1963).  In  the  Chesapeake  Bay  area.  N.  arenaceodenCaca 
has  been  found  off  the  Rappahannock  River,  Hampton  Roads,  and  Torapkin  Island 
(Wass  1972). 

124.  Unlike  many  test  species,  Neanthes  can  be  used  to  evaluate  sus¬ 
pended  particulate  material  as  well  as  solid  phase  sediments.  In  solid  phase 
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tests,  it  :Tiaintains  intirtate  contact  with  the  sediraetit,  building  one  to 
several  raucoid  tubes  in  th  upper  2-3  cm  of  sediment.  In  both  rest  types,  it 
readilv  ingests  sediment  wb.ile  foraging  for  food  and  tube -building  material. 

12b.  Sennches  is  particularly  well-suited  for  laboratory  evaluations  of 
dredged  .materia’  because  irs  life  cycle  has  been  well  established  and  docu¬ 
mented  in  the  . tcrature  (US  Environmental  Protection  Agency/US  Army  Corps  of 
Ei.gineers  IS''.;.  Life  cycles  can  be  completed  in  the  laboratory  so  cviltures 
producing  test  organisms  of  known  age  and  background  on  a  predictable  basis 
are  possible.  The  WES  obtained  stock  cultures  of  S.  arenaceodentata  over 
2  years  ago  from  Dr.  Donald  J.  Reish.  California  State  University  at  Long 
Beach.  Continuovis  laboratory  cultures  have  been  maintained  at  W'ES  using  meth¬ 
ods  outlined  by  Reish  (1980)  and  Pesch  and  Schauer  (1988). 

126.  WTien  worms  are  sexually  mature  they  establish  pairs  and  occupy  a 
common  tube.  The  female  deposits  her  eggs  and  dies  shortly  thereafter.  The 
male  remains  to  "incubate"  the  eggs.  Development  of  larvae  occurs  entirely 
within  the  parental  tube.  Young  worms  emerge  and  begin  feeding  3  to  4  weeks 
after  egg  deposition.  The  emergent  juveniles  lEJs)  start  pairing  about  6 
weeks  after  leaving  the  tube.  Egg  mass  deposition  begins  4  weeks  to  6  weekc 
later  Co  complete  the  cycle. 

127.  Cultures  are  maintained  in  30-^  aquaria  under  static  -  renewal  con¬ 
ditions.  Every  3  weeks,  media  is  completely  renewed  with  30-ppc  seawater 
(Instant  Ocean^j  ,  The  temperature  is  maintained  at  20°  C  and  the  phocoperlod 
is  18  hr  of  light.  Animals  are  fed  twice  weekly  a  combination  of  Tetrami 
and  alfalfa;  both  finely  ground  and  pre-sieved  Co  <  1  mm.  When  worms  are  10 
weeks  old,  they  are  sexed,  and  individual  pairs  are  placed  in  600-ml  beakers 
with  weekly  seawatei  renewals.  Beakers  are  monitored  daily  for  egg  mass  depo¬ 
sition  and  the  subsequent  appearance  of  EJs.  Three-week-old  juveniles  are 
used  to  initiate  sediment  bioassays. 

Sediment  bioassavs 

128.  Sediment  bioassavs  were  conducted  according  to  general  procedures 
outlined  in  the  newly  revised  testing  manual  for  ocean  disposal  (US  Environ¬ 
mental  Protection  Agency/US  Army  Corps  of  Engineers  1991).  Stored  sediment 
was  allowed  to  come  to  room  temperature  (20°  C)  and  then  rchomogenized  with  a 
stainless  steel  spatula.  Sediment  was  added  to  600-ml  beakers  to  a  depth  of 
2-3  cm.  Seawater  was  added  to  all  beakers  for  a  total  volume  (sediment  plus 
overlying  water)  of  500  ml.  Beakers  were  placed  in  a  water  bath  (20°  C)  with 
an  18-hr  photoperiod  and  provided  trickle  flow  aeration. 
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129.  The  following  day,  juvenile  (3  weeks  old)  Seanches  were  randomly 
assigned  Co  each  beaker.  Previous  experin'ents  indicated  a  maximum  of  four 
worms/beaker  with  sediment  and  two  worms/beaker  without  sediment  could  be 
added  without  inCraspecif ic  density  effects  on  survival  and  growth.  High 
levels  of  anunonia  (5  mgy'f  Co  15  rag/i  of  unionized  NH3)  have  been  observed  in 
previous  bioassays  within  2^  hr  after  the  addition  of  sediment.  For  that 
reason,  80  percent  of  the  seawater  in  each  beaker  was  replaced  just  prior  to 
adding  worms.  Initial  and  final  (lO-day)  water  samples  were  collected  from 
each  of  the  replicates  for  analysis  of  unionized  NH3 .  There  was  no  seawater 
renewal  during  the  10-day  test.  Temperature,  salinity,  dissolved  oxygen,  and 
pH  were  monitored  daily.  After  10  days,  animals  were  recovered  from  each 
beaker  by  gentle  wet  sieving.  .Missing  animals  were  assumed  to  be  dead.  Per¬ 
cent  survival  in  each  beaker  was  recorded. 

Data  analysis 

130.  There  were  seven  treatments:  four  sediments  from  the  prospective 
dredging  locations,  two  reference  sediments  (in-bay  and  ocean  reference),  and 
a  positive  Laboratory  control  (no  sediment),  both  reference  sediments  and 
those  obtained  from  the  prospective  dredging  areas  were  replicated  five  times 
while  controls  were  replicated  10  times.  Since  controls  were  run  without 
sediment,  only  two  worms  per  beaker  were  used  to  avoid  incraspecif ic  den.sity 
effects.  Control  survival  was  more  chan  90  percent.  The  bioassay  was  there¬ 
fore  considered  valid  and  statistical  analysis  performed.  Recommended  analy¬ 
sis  consists  of  tests  for  normality  and  homogeneity  of  variance,  followed  by 
simple  one-way  analysis  of  variance  (ANOVAs)  comparing  project  sediments  to 
each  of  the  reference  sediments  (US  Environmental  Protection  Agency/US  Army 
Corps  of  Engineers  1990),  However,  since  100-percent  survival  was  observed 
for  all  five  replicates  in  one  of  Che  reference  sediments,  a  measure  of  sample 
variance  was  lacking,  which  eliminated  the  use  of  an  A.NOVa.  Instead,  a  t-cest 
was  used  to  compare  means  with  no  variance  (l.e.,  100-percent  survival  in  all 
replicates)  to  a  treatment  mean  with  variance  (Sokal  and  Rohlf  1981), 

Results 


131.  Temperature  and  salinity  were  relatively  constant  for  Che  treat¬ 
ments  with  means  of  22“  C  and  28  ppt ,  respectively.  Mean  pH  ranged  from  8.28, 
Co  8.82  with  higher  values  observed  in  project  sediments  (CAX  and  Yorktown) 
and  lower  values  in  the  reference  and  control  treatments.  Mean  dissolved 
oxygen  was  greater  than  5.00  mg/f  for  all  treatments,  while  NH3  was  less  than 
1.00  mg/ 2. 


39 


m 


w'y-7-'^^;SSE3l^g^gg 


132.  Grain  size  and  percent  LOI  (a  measure  of  organic  carbon)  were 
determined  for  each  of  th ?  sediments  tested.  The  Atlantic  Ocean  reference, 
bay  reference,  and  NAVPHIBASE  LCREEK  Channel  sediments  were  predominately 
(more  than  80  percent)  sand.  The  NVS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK 
Tributaries  samples  were  higher  in  clay  content  (40-70  percent).  Percent  LOI 
indicated  that  the  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK  Tributaries  sedi¬ 
ments  were. also  higher  in  organic  carbon  compared  to  the  other  test  sediments. 

133.  Percent  survival  for  the  tests  Is  shown  in  Table  6.  Percent  sur¬ 
vival  was  high  in  the  controls  (IOC  percent),  ocean  reference  (100  percent), 
and  bay  reference  (95  percent).  Survival  was  also  high  in  sediments  from  the 
four  prospective  dredging  areas:  NAVPHIBASE  LCREEK  Channel  (100  percent), 
NAVPHIBASE  LCREEK  Tributaries  (90  percent),  NWS  Yorktown  (90  percent),  and  CAX 
(95  percent) .  Paired  comparisons  between  survival  in  each  of  the  sediments 
from  the  prospective  dredging  areas  to  that  in  both  reference  sediments  (Table 
7)  indicated  no  significant  differences  at  P  less  than  0.05  (see  Table  8). 
Summary 

134.  Bioassays  were  conducted  on  four  composite  sediments  for  compari¬ 
son  with  sediments  from  two  reference  sites.  Tnls  test  was  performed  with  the 
marine  polychaete  worm  Neanches  arenaceodentata  (US  Environmental  Protection 
Agency/us  Army  Corps  of  Engineers  1990).  Results  from  this  test  indicated 
that  there  were  no  significant  differences  between  material  from  the  areas 
dredged  and  either  of  the  two  reference  sites  in  terms  of  Seanches  survival. 

On  the  basis  of  these  results,  there  appears  to  be  little  potential  for  unac¬ 
ceptable  adverse  environmental  impact  as  a  result  of  either  in-bay  or  ocean 
disposal  of  sediments  from  any  of  the  four  prospective  dredging  areas. 

Benthic  Bioaccumulation  Testing 

135.  Tier  II  and  Tier  III  assessments  for  benthic  bioaccumulation  of 
contaminants  were  performed  as  described  in  the  MPRSA  testing  manual  (US  Envi¬ 
ronmental  Protection  Agency/US  Army  Corps  of  Engineers  1990) .  Bioaccumulation 
testing  was  required  because  ocean  sites  were  under  consideration  and  the 
sediment  chemical  inventory  indicated  that  cadmium  and  mercury  were  present  in 
the  sediments . 

Theoretical  bioaccumulation  potential 

136.  The  assessment  procedures  allow  for  a  chemically  based  assessment 
in  Tier  II  for  bioaccumulation  of  neutral  organic  contaminants  such  as  PAHs, 


PCBs,  pesticides,  and  phthalates.  This  assessment  is  the  theoretical  bioac¬ 
cumulation  potential  (T5P)  calculation.  TBP  is  a  calculation  that  normalizes 
the  concentration  of  neutral  organic  contaminants  in  sediments  by  the  sediment 
total  organic  carbon  (TOC)  and  predicts  the  potential  bioaccumulation  of  the 
contaminants  in  an  organism  of  Interest  normalized  by  the  organism's  lipid 
concentration.  Using  sediment  chemical  inventory  data,  the  TBP  was  calculated 
for  18  neutral  organics  in  organisms  that  were  1-,  2-,  and  6-percpnt  lipid. 
Results  are  shown  in  Tables  9  and  10. 

137.  The  TBP  results  indicate  that  none  of  the  pesticides  or  PCBs  ana¬ 
lyzed  are  of  concern  in  the  given  sediments.  However,  the  NAVPHIBASE  LCREEK 
Tributary  composite  showed  relatively  high  potential  for  bioaccuaulation  of 
PAHs ,  indicating  that  further  bioaccumulation  evaluation  for  PAHs  would  be 
required  in  Tier  II  for  that  composite. 

138.  There  is  no  equivalent  Tier  II  chemically  based  assessment  for 
bioaccumulation  for  metals.  However,  comparison  of  metals  concentrations  in 
sediments  from  the  prospective  dredging  areas  and  reference  sediments  indi¬ 
cated  that  Cd,  Cr,  Cu,  Hg,  Ni,  Pb,  and  Zn  concentrations  in  Che  sediments  from 
Che  prospective  dredging  areas  exceeded  the  concentrations  in  the  two  refer¬ 
ence  sediments.  Therefore,  bioaccumulation  potential  for  metals  was  evaluated 
using  Tier  III  bloaccuraulation  tests. 

Bioaccumulation  testing 

139.  Procedures .  Tier  III  bloaccumulation  testing  was  performed  on  all 
sediment  composites  and  on  Bay  and  Ocean  reference  samples.  The  experimental 
protocol  was  that  described  in  US  Environmental  Protection  Agency/US  Army 
Corps  of  Engineers  (1990).  Each  sediment  was  allquoted  to  2.5-i  glass  crys¬ 
tallizing  dishes.  Several  dishes  containing  the  same  sediment  were  placed 
into  a  75-i  aquarium  with  flowing  artificial  seawater. 

140.  The  aquaria  used  in  these  tests  are  part  of  the  Flow-through 
Aquatic  Toxicology  Exposure  System  (FATES),  shown  schematically  in  Figure  19. 
FATES  can  simulate  environmentally  realistic  conditions  typical  of  the  dis¬ 
posal  sites.  The  system  was  developed  at  the  University  of  California  Bodega 
Marine  Laboratory  in  the  1970s  and  has  since  been  used  in  numerous  investiga¬ 
tions  involving  bioavailability  and  bloaccumulation  from  natural  sediments. 
Seawater  in  the  aquaria  was  maintained  at  35  ppt  salinity  and  14*  C.  The 
flow-through  seawater  system  replaced  two  aquarium  volumes  per  24-hr  period. 
Temperature,  salinity,  pH,  and  dissolved  oxygen  levels  were  monitored  in  each 
aquarium  at  6-hr  intervals  throughout  the  28  days  of  exposure. 


141.  After  the  water  had  been  allowed  to  clear  and  equilibrate  with  the 
bedded  sediment  in  the  crystallizing  dishes,  bivalve  molluscs  (Macoma  nasuCa) 
were  placed  in  the  dishes.  This  species  was  chosen  as  the  test  organism  in 
accordance  with  the  MPRSA  testing  manual  guidance  (US  Environmental  Protection 
Agency, AJS  Army  Corps  of  Engineers  1990),  and  also  because  the  contaminants  of 
interest  included  both  metals  and  PAHs,  Macoma  is  a  deposit- feeding  clam  that 
lives  in  close  association  with  the  test  sediments  and  has  little  or  no  capa¬ 
bility  to  metabolize  PAHs.  The  organisms  were  supplied  by  a  reputable  dealer, 
shipped  to  WES,  and  held  without  feeding  for  a  period  of  one  week  prior  to 
their  use  in  the  tests. 

142.  After  10  days  of  exposure  to  the  sediments,  six  replicate  samples 
of  clams  from  each  test  and  reference  site  were  removed,  and  archived  for 
subsequent  trace  metal  analysis.  The  clams  were  allowed  to  depurate  overnight 
without  contact  with  the  test  sediments.  After  28  days  of  exposure  to  the 
sediments,  the  remaining  clams  were  removed,  allowed  to  depurate  overnight, 
and  archived  for  analysis  of  PAHs. 

143.  Results .  Analysts  of  the  test  sediments  and  comparisons  with  the 
two  reference  sediments  Indicated  that  Cd,  Cr,  Cu,  Pb,  Hg,  Ni,  and  Zn  levels 
in  the  test  sediments  exceeded  the  levels  for  those  same  metals  in  the  two 
reference  sediments.  Bioaccumulation  for  these  metals  was  therefore  deter¬ 
mined.  Recults  are  shown  ii  ’''shies  11  and  12.  In  most  cases  the  organisms 
exposed  to  test  sediments  bioaccumulated  less  than  organisms  exposed  to  either 
of  the  reference  sediments.  No  sediment  caused  greater  bioaccumulaCion  of  all 
analytes  chan  Chat  measured  in  Che  organisms  exposed  to  reference  sediments. 

No  bioaccumulation  exceedances  for  Cd,  Cr,  Cu,  Ni,  or  Zn  were  measured.  NAV- 
PHIBASE  LCREEK  Tributaries  sediment  caused  clams  to  bloaccumulaCe  a  level  of 
Hg  that  exceeded  both  bay  and  ocean  reference  sediment  bioaccumulation  values, 
but  this  exceedance  was  not  stati.stically  significant.  Pb  bioaccumulated  by 
organisms  exceeded  the  ocean  reference  but  not  the  bay  reference.  This  dif¬ 
ference  was  statistically  significant. 

144.  Clams  exposed  to  NAVPHIBASE  LCREEK  Tributary  sediments,  as  well  as 
clams  exposed  to  both  bay  and  ocean  reference  sediments,  were  analyzed  for 
PAHs.  The  results  of  the  residue  determinations  Indicated  that  there  was  no 
evidence  of  bioaccumulation  in  the  samples.  No  PAH  residues  obtained  for  any 
of  the  samples  were  above  the  analytical  detection  limit  of  10  /ig/g. 

145.  At  the  present  time  there  is  no  reason  to  believe  that  disposal  of 
Che  test  sediments  will  cause  significantly  greater  bioaccumulation  than 
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background.  No  exceedances  were  demonstrated  for  PAHs,  and  a  single  sediment 
had  a  statistically  insignificant  exceedance  for  Hg,  as  well  as  an  exceedance 
for  one  of  the  reference  sediments.  The  average  bloaccumulation  concentration 
of  each  analyte  for  all  of  the  test  sites  was  always  less  than  that  for  either 
reference  site,  although  in  some  cases  the  difference  was  not  statistically 
significant . 

146.  In  the  single  case  where  Pb  was  significantly  bioaccumulated  in 
NAVPHIBASE  LCREEK  Tributary  sediment  as  compared  to  the  ocean  reference  sedi¬ 
ment,  this  exceedance  is  not  considered  to  have  toxicological  significance. 

The  level  of  bloaccumulation  shown  by  clams  exposed  to  this  sediment  was  more 
than  an  order  of  magnitude  lower  than  a  tissue  level  associated  with  any  known 
toxic  effects.  Dillon  (1984)  discussed  the  levels  of  metals  bloaccumulation 
in  relation  to  toxic  effects  and  reviewed  the  literature  to  establish  the 
highest  "no  effect"  concentration  and  the  lowest  “effects”  concentration. 

None  of  the  values  obtained  for  bloaccumulation  in  the  tests  in  the  present 
study  approach  the  levels  reported  by  Dillon.  Therefore,  there  is  no  reason 
to  believe  that  the  sediments  tested  in  the  present  study  are  unsuitable  for 
open-water  disposal  at  any  of  the  sites  under  consideration  from  the  stand¬ 
point  of  bloaccumulation  of  contaminants. 


147.  A  numerical  model  was  used  to  predict  the  short-term  fal j  of 
dredged  material  disposed  at  open- water  sites,  that  behavior  which  is  influ¬ 
enced  by  the  physical  processes  occurring  within  the  first  few  hours  after  the 
discharge.  The  model  provided  estimates  of  water  column  concentrations  of 
suspended  sediment  and  contaminant,  and  the  initial  deposition  of  material  on 
the  bottom. 

148.  Since  the  water  column  elutriate  testing  did  not  indicate  contami¬ 
nant  release  above  Federal  criteria,  modeling  was  not  required  to  assess  the 
acceptability  of  open-water  options.  Rather,  the  model  results  were  used  to 
compare  the  Initial  mixing  characteristics  of  the  sites  and  to  gain  informa¬ 
tion  regarding  the  deposition  of  material  on  the  bottom.  The  placement  of 
material  from  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK  Tributary  was  modeled 
at  each  of  the  seven  open-water  disposal  sites  for  a  total  of  21  model  runs. 
Since  Che  NAVPHIBASE  LCREEK  sediment  was  predominantly  sand,  and  the  critical 


behavior  for  plume  dispersion  is  governed  by  the  fine-grained  material,  no 
separate  model  runs  were  made  for  the  NAVPHIBASE  LCREEK  Channel  material. 

149.  Three  models  are  available  for  use  in  such  predictions.  Two  of 
the  models  were  developed  by  Brandsma  and  Divoky  (19761  under  the  Corps 
Dredged  Materials  Research  Program  to  handle  both  instantaneous  dumps  and 
continuous  discharges.  The  models  were  based  on  work  performed  for  EPA  by  Koh 
and  Chang  (1973).  A  third  model,  which  utilized  features  of  the  two  earlier 
models,  was  constructed  later  to  handle  a  semicontinuous  disposal  operation 
from  a  hopper  dredge.  These  models  .<>re  known  as  OIFID  (Disposal  From  an 
Instantaneous  Dump),  DIFCD  (Disposal  From  a  Continuous  Discharge),  and  DIFHD 
(Disposal  From  a  Hopper  Dredge).  Personal  Computer  (PC)  versions  of  the 
models  are  available  as  a  part  of  the  Automated  Dredging  and  Disposal  Alterna¬ 
tives  Management  System  (ADDAMS)  (Schroeder  and  Palermo  1990)  and  will  be 
incorporated  in  the  implemencatlon  manuals  for  both  Section  103  and  Section 
404  dredged  material  discharges  (US  Environmental  Protection  Agency/US  Army 
Corps  of  Engineers  1990) . 

150.  In  11  three  models,  the  behavior  of  the  material  is  assumed  to  be 
separated  Into  three  phases;  convective  descent,  dynamic  collapse,  and  pas¬ 
sive  transport-dispersion.  These  models  simulate  movement  of  the  disposed 
material  as  it  falls  through  the  water  column,  spreads  over  the  bottom,  and 
finally  is  transported  and  diffused  as  suspended  sediment  by  the  ambient 
current.  The  use  and  limitations  of  the  models,  along  with  theoretical  dis¬ 
cussions,  are  presented  in  detail  in  Johnson  (1990).  For  the  evaluations  of 
open-water  alternatives  for  this  study,  only  mechanical  dredging  and  discharge 
from  hopper  barges  were  considered.  Therefore,  only  the  DIFID  model  was  used. 

Model  input 

151.  Input  data  for  the  models  is  grouped  into  the  following  general 

areas:  (a)  description  of  the  disposal  site,  (b)  description  of  the  disposal 

operation,  (c)  description  of  t  "j  dredged  material,  (d)  model  coefficients, 
and  (e)  controls  for  input  and  output, 

152.  Model  Input  for  disposal  site.  The  model  input  to  describe  the 
disposal  sites  includes  a  description  of  data  on  disposal  site  water  depths, 
current  velocities,  and  density  stratification  over  a  computational  grid.  The 
site  characteristics  used  for  all  seven  disposal  sites  modeled  are  shorn  in 
Table  4.  Representations  of  each  site  and  computational  grids  are  shown  in 
Figures  12  through  18.  The  present  water  depth  at  each  site  was  used  in  the 
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model  runs.  The  depths  were  taken  from  the  most  recent  bathymetric  surveys 
conducted  at  active  sites,  or,  in  absence  of  surveys,  from  the  most  recent 
Coast  Guard  charts.  For  all  sites,  the  bathymetry  indicated  chat  an  assumed 
constant  depth  would  be  sufficient  for  the  runs. 

153.  Model  Input  for  disposal  operation.  The  description  of  the  dis¬ 
posal  operations  for  the  DIFID  model  includes  position  of  Che  disposal  barge 
on  the  grid,  Che  barge  velocity,  dimensions,  draft,  and  volume  of  dredged 
material  to  be  discharged.  The  same  dredging  equipment  configuration  and 
operation  were  assumed  for  all  runs  for  purposes  of  comparison.  A  2,000-cu-yd 
hopper  barge,  with  dimensions  of  100  ft  length.  50  ft  width,  and  5  ft  unloaded 
draft  was  assumed.  The  barge  was  assumed  to  be  at  rest  at  the  time  of  dis¬ 
charge.  The  position  of  the  discharge  point  for  the  barge  at  each  site  is 
shown  on  Figures  12  through  18.  The  discharge  points  were  selected  to  coin¬ 
cide  with  the  present  management  plan  for  Che  presently  active  sices.  For  all 
presently  inactive  sites,  the  discharge  point  was  selected  at  the  center  of 
Che  site. 

154.  Model  input  for  dredged  material  properties.  The  dredged  material 
is  modeled  as  a  number  of  solid  fractions,  a  fluid  component,  and  a  conserva¬ 
tive  contaminant.  The  input  data  for  each  solid  fraction  must  include  a  vol¬ 
ume  concentration  (calculated  from  the  percent  of  the  fraction  by  weight  and 
the  aggregate  void  ratio  or  density),  a  specific  gravity,  a  settling  velocity, 
a  void  ratio  for  bottom  deposition,  and  Information  on  whether  or  not  the 
fraction  is  cohesive.  For  these  runs,  a  sand  fraction  and  a  silt/clay  frac¬ 
tion  were  modeled.  Data  for  void  ratio,  grain  size  distribution,  and  Atter- 
berg  Limits  used  to  derive  Che  model  data  were  assumed  as  the  average  of  all 
samples  collected  for  the  four  sediment  types  modeled  as  shown  in  Table  2.  It 
was  also  assumed  that  all  the  solids  in  the  discharge  were  completely  non- 
coheslve,  which  is  a  very  conservative  assumption. 

155.  The  standard  elutriate  test  indicated  that  no  specific  contaminant 
was  released  at  concentrations  exceeding  EPA  acute  marine  criteria,  therefore 
no  specific  contaminant  was  modeled.  Rather,  the  fluid  phase  of  the  dredged 
material  was  modeled  for  comparison  of  the  mixing  characteristics  at  each  of 
the  sites,  with  results  expressed  as  a  percentage.  The  fluid  phase  is  equiva¬ 
lent  CO  the  dredged  material  suspended  phase  as  defined  for  water  column  bio¬ 
assays  (US  Environmental  Protection  Agency/US  Army  Corps  of  Engineers  1990); 
l.e.,  the  liquid  phase  plus  fine  suspended  particles  at  concentrations  which 
would  allow  test  organisms  to  be  visible  during  the  bloassay.  From  a  modeling 
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standpoint,  the  dredged  material  suspended  phase  so  defined  would  behave  iden¬ 
tically  with  the  liquid  phase, 

156.  Model  coefficienrs .  Coefficients  are  required  for  the  models  to 
accurately  specify  entrainment,  settling,  drag,  dissipation,  apparent  mass, 
and  density  gradient  differences.  The  available  default  values  were  used  for 
all  model  runs. 

.Modeling  results 

157.  Descent  and  accumulation.  The  descent  behavior  was  similar  for 
all  model  runs  at  all  sites  and  for  all  materials.  The  vast  majority  of  the 
dredged  material  descended  to  the  bottom  within  a  few  seconds  after  discharge, 
and  accumulated  on  the  bottom  near  the  point  of  discharge.  A  portion  of  the 
clay  silt  fraction  accumulated  over  a  wider  area  around  the  point  of  dis¬ 
charge.  Model  results  showing  the  footprint  of  the  area  of  deposition  after 

1  hr  for  the  NWS  Yorktown  material  placed  at  the  Maval  Channel  site  are  shown 
in  Figure  20  and  are  typical  of  these  results  for  all  model  runs. 

158.  Initial  water  column  mixing.  The  model  results  are  in  terms  of 
concentrations  over  the  model  grid  at  specified  water  column  depths  and 
elapsed  times  after  discharge.  The  plumes  for  the  sand  fraction,  clay-silt 
fraction,  and  fluid  fraction  of  the  dredged  material  were  modeled  at  three 
water  depths:  (a)  near  surface,  (b)  mid-depth,  and  (c)  near  bottom  for  each 
material  and  each  site.  For  all  materials  and  all  sites,  the  sand  fraction 
had  completely  settled  to  the  bottom  within  approximately  10  min  after  dis¬ 
charge.  The  plumes  for  the  clay-silt  fraction  and  fluid  fraction  were  dis¬ 
persed  over  time  with  the  plume  centroid  advected  by  the  current.  Model 
results  for  the  Naval  Channel  site  showing  the  plume  concentrations  for  the 
clay-silt  phase  at  mid-depth  after  1  hr  are  shown  in  Figure  21  and  are  typical 
of  the  results  for  all  model  runs. 

159.  For  purposes  of  comparison  between  materials  and  sites,  the  max¬ 
imum  concentration  of  silt-clay  over  the  entire  grid  after  the  period  of  ini¬ 
tial  mixing  and  the  maximum  concentration  outside  the  boundary  of  the  disposal 
site  after  the  period  of  initial  mixing  are  summarized  in  Table  13.  Since  the 
initial  water  content  and  percent  of  sand  and  clay-silt  for  NUS  Yorktown  and 
CAX  were  so  similar,  the  model  results  for  these  materials  were  identical. 

160.  With  the  exception  of  the  Naval  Channel  site,  which  had  a  maximum 
observed  plume  concentration  of  1,138  rag/i,  the  maximum  concentration  of  clay- 
silt  in  the  plumes  for  all  sites  and  all  materials  was  generally  below 

100  mg/i .  It  should  also  be  emphasized  that  these  predictions  are  extremely 
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conservative  due  to  the  assumption  of  no  cohesion.  The  maximum  observed  con 
centratlons  of  the  fluid  phase  are  shown  In  Table  14. 


lound  Stabllit^ 


161.  It  is  necessary  to  ascertain  whether  dredged  material  placed  In 
open-water  sites  will  remain  within  the  designated  site  boundaries,  or  whether 
such  material  may  be  dispersed  onto  sensitive  biological  regions.  Open-water 
disposal  consists  of  placing  dredged  material  Into  a  body  of  water  using  hop¬ 
per  dredges,  or  dredge  scows  or  barges,  and  allowing  the  material  to  settle 
into  a  stable  mound  on  the  bottom.  The  placement  of  dredged  material  by  this 
method  can  be  numerically  simulated  if  certain  pertinent  environmental  param¬ 
eters  and  material  characteristics  can  be  determined.  A  critical  hydrodynamic 
parameter  regarding  the  long-term  stability  of  the  disposal  mound  after  the 
material  comes  to  rest  Is  the  ambient  background  water  current  velocity  which 
may  disperse  the  material  from  the  mound  following  Initial  settlement  to  the 
bottom.  The  technical  literature  has  been  perused  to  determine  existing 
knowledge  pertaining  to  typical  non-storm  velocities  representative  of  those 
expected  during  disposal  operations  at  the  seven  open-water  sites  being  con¬ 
sidered  for  dredged  material  disposal. 

Grain  size  considerations 

162.  It  is  proposed  to  dredge  material  from  four  different  loc.:tlons. 
Based  on  sample  gradation  curves,  the  average  D50  grain  sizes  for  these  four 
locations  are  shown  in  Table  15.  Because  the  coupled  hydrodynamic/sediment 
transport  model  used  to  compute  the  long-term  fate  of  the  disposed  material  is 
strictly  applicable  only  to  non-cohesive  materials,  the  lower  limit  of  average 
Djo  grain  size  is  taken  to  be  0.0625  mm.  The  resulting  simulations  will  be 
conservative,  as  finer  cohesive  silt  or  clay  materials  will  not  disperse  as 
rapidly  as  fine  sand.  The  actual  average  grain  sizes  of  the  material  to  be 
dredged  from  the  four  locations,  the  simulation  grain  sizes,  and  the  volume  of 
material  are  presented  In  Table  15. 


163.  The  tentative  size  of  each  of  these  potential  disposal  sites  is 
relatively  large  (Zappi,  Palermo,  and  LaSalle  1990).  For  relative  comparison 
purposes,  and  because  the  minimum  area  of  all  potential  disposal  sices  is  at 
least  1.0  square  mile,  this  dimension  of  1.0  square  mile  has  been  used  in  Che 
numerical  simulation  model  for  all  seven  disposal  sites.  If  the  total  volume 
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of  material  to  be  dredged  from  the  four  areas  over  50  years  (i*, 880, 000  cu  yd) 
is  considered  to  be  placed  in  any  one  of  the  seven  potential  dredged  material 
disposal  sites  at  a  uniform  depth  over  a  1.0-square-mile  area,  the  average 
depth  of  disposed  material  in  the  sites  would  be  approximately  5.0  ft. 
Hydrodynamic  considerations 

164.  The  hydrodynamic  forcing  functions  contributing  to  the  dispersion 
of  material  from  the  disposal  sices  includes  the  alternating  velocities  asso¬ 
ciated  with  the  astronomical  tides,  and  the  unidirectional  currents  which  are 
associated  with  riveti'^e  flows  into  Che  Chesapeake  Bay.  Riverine  and  rainfall 
inflows  to  the  bay  are  reflected  as  a  net  outward  flow  down  the  Chesapeake  Bay 
toward  the  Atlantic  Ocean.  This  in  turn  constitutes  a  residual  long-term 
velocity  component  contributing  to  dispersion  in  the  absence  of  disposal  site 
armoring  processes  not  accounted  for  in  the  numerical  simulation  model.  The 
tidal  amplitude,  tidal  velocity  components,  and  superimposed  riverine  velocity 
magnltj.des  are  obtained  from  the  verification  studies  of  the  Chesapeake  Bay 
physical  model  (Scheffner  et  al.  1981). 

165.  The  average  long-term  tide  amplitudes  necessary  for  numerical 
model  simulation  of  dispersiveness,  the  average  long-term  tidal  velocity 
amplitudes  necessary  for  initiating  and  sustaining  movement  of  disposed 
dredged  material,  and  the  average  residual  long-term  velocities  which  produce 
a  net  movement  of  disposed  dredged  material  are  presented  in  Table  16. 

Ler'^th  of  numerical  simulations 

166.  Average  hydrodynamic  condition  simulations.  For  relative  compari¬ 
son  purposes,  the  coupled  hydrodynamic/sediment  transport  model  provided  simu¬ 
lations  of  dispersion  from  the  seven  potential  dredged  material  disposal  sites 
for  a  3-month  time  period  under  the  assumption  that  dredged  material  from  each 
of  the  four  prospective  dredging  areas  was  placed  in  each  of  the  disposal 
sites.  This  required  28  distinct  simulations,  each  of  3-month's  duration. 

167.  Northeaster  48-hr  storm  condition  simulations.  To  ascertain  a 
relative  comparison  of  the  effects  of  an  average  northeaster  storm  on 
dispersion  from  the  seven  potential  dredged  material  disposal  sites,  a  48-hr- 
duration  storm  condition  was  superimposed  on  the  average  long-term  hydro¬ 
dynamics  produced  by  the  astronomical  tides  and  riverine  inflow.  The 
northeaster  results  in  a  separate  velocity  component  which  is  vectorlally 
additive  to  the  astronomical  velocities.  The  northeaster  velocity  is  estimat¬ 
ed  to  have  a  maximum  amplitude  of  about  2.0  ft/sec,  and  will  arise  and  decay 
in  a  sinusoidal  manner.  This  additional  northeaster  velocity  of  2.0  ft/sec 
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was  simulated  for  the  78  prospective  dredging  area/disposal  site  combinations 
for  a  48 -hr -duration  storm  to  ascertain  the  relative  dispersion  of  the  dis¬ 
posal  mounds  under  storm  conditions. 

Numerical  simulation  model 

168.  General  considerations.  The  long-term  simulation  phase  of  the 
relative  evaluation  of  dispersiveness  with  average  hydrodynamic  conditions 
Investigates  the  behavior  of  the  dredged  material  mound  over  long  periods. 

This  analysis  results  in  a  means  of  classifying  disposal  sites  as  either  dis¬ 
persive  or  non-dispersive ,  based  on  whether  local  velocity  fields  are  adequate 
ro  erode  and  transport  signiricant  amounts  of  material  from  the  site.  The 
local  currents  can  be  due  to  either  normal  tidal  action  and  mean  flow  circula¬ 
tion  patterns,  or  riverine  contributions  which  give  rise  to  a  net  outward 
component  of  flow  which  may  induce  a  long-term  general  transport  of  material 
down  gradient.  The  northeaster  48-hr  storm  condition  simulations  perform  a 
relative  evaluation  under  the  assumption  that  a  typically  representative  storm 
event  is  superimposed  on  the  average  hydrodynamic  conditions. 

169.  Both  the  long-term  and  storm  simulation  analyses  begin  with  the 
assumption  that  the  short-term  disposal  operations  are  successful  in  creating 
a  stable  mound  configuration.  Whether  the  mound  is  dispersive  or  non- 
dispersive  depends  on  whether  the  local  current  conditions  are  capable  of 
resuspending  and  transporting  significant  amounts  of  material  from  the  mound 
in  such  a  way  that  areas  adjacent  to  the  disposal  site  are  adversely  Impacted. 

170.  The  long-term  site  stability  analysis  and  the  storm  event  simula¬ 
tions  both  utilize  the  current  time  history  to  provide  a  quantitative  estimate 
of  the  stability  of  the  mound  as  a  function  of  localized  environmental  condi¬ 
tions.  The  analysis  approach  is  based  on  coupled  hydrodynamic  and  sediment 
transport  models  which  compute  the  transport  of  non-cohesive  sediment  as  a 
function  of  the  local  velocity  and  depth  (Scheffner  1989,  1990).  The  result¬ 
ing  distribution  of  transport  is  used  in  a  sediment  continuity  model  to 
compute  changes  in  the  bathymetry  of  the  sediment  mound.  Bathymetry  change 
computations  were  made  at  every  3-hr  time-step,  for  a  3-month  period. 

171.  Data  requirements.  Site  stability  methodology  is  dependent  on 
accurate  prediction  of  sediment  transport  at  the  local  site  under  Investiga¬ 
tion.  Empirical  relationships  for  computing  sediment  transport  as  a  primary 
function  of  depth-averaged  water  velocity,  local  depth,  and  sediment  grain 
size  were  initially  reported  by  Ackers  and  White  (1973),  and  subsequently 
modified  (Swart  1976)  to  reflect  an  Increase  In  sediment  transport  rate  when 
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the  ambient  cuirents  are  accompanied  by  surface  wave  fields.  This  addle  lor, al 
transport  reflects  the  fact  that  wave- induced  orbital  velocities  are  capable 
of  resuspending  bottom  sediments,  independent  of  the  sediment  put  into  suspen¬ 
sion  by  mean  currents.  The  total  amount  of  sediment  put  into  suspens.  by 
waves  and  currents  is  then  transported  by  the  ambient  current  field. 

172.  The  modified  Ackers-White  relationships  are  used  to  compute  the 
transport  of  uniformly  graded  non-col»esive  sediment  in  the  grain  diameter 
range  of  0.04  mm  to  4.00  mm  (White  1972).  The  averages  of  the  D;o  values  for 
the  four  prospective  dredging  areas  were  0.006  mm  (CAK).  0,008  mm  (KWS  York- 
town),  0.140  mm  (NAVPHIBASE  LCREEK  Tributaries),  and  0.200  mm  (NAVPHIBASE 
LCREEK) ,  being  in  the  range  of  fine  sand  Co  silt  or  clay.  The  sediments  from 
CAX  and  N^WS  Yorktown  are  below  the  lower  limit  of  applicability  of  the  Ackers- 
White  relationships.  Therefore  the  grain  size  is  taken  as  0.0625  mm, 
which  is  about  the  lower  limit  of  sand-sized  particles.  Since  the  sediments 
do  contain  approximately  10  percent  non-cohesive  material,  this  approximation 
can  be  used  to  give  a  reasonable  estimate  of  total  transport  (Kamphuis  1990). 
The  resulting  relative  comparison  simulations  will  be  conservative,  as  finer 
cohesive  silt  or  clay  materials  will  not  disperse  as  rapidly  as  fine  sandy 
materials.  Hence,  for  relative  evaluation  purposes,  the  grain  sizes  selected 
for  numerical  simulation  were  0.0625  mm  (CAX  and  NWS  Yorktown),  0.140  mm  (NAV¬ 
PHIBASE  LCREEK  Tributaries),  and  0,200  mm  (NAVPHIBASE  LCREEK  Channels). 

173.  Computed  sediment  transport  versus  depth-averaged  velocities  for  a 
range  of  depths  corresponding  to  those  of  interest  at  the  seven  potential 
disposal  sices  (20-ft  through  70-ft  depths)  are  shown  in  Figures  22  through  24 
for  D50  grain  sizes  of  0.0625  mm,  0.140  mm,  and  0.200  mm,  respectively, 

174.  The  final  data  input  requirement  is  chat  of  specifying  the  geo¬ 
metric  configuration  of  the  disposed  sediment  mound.  The  worst-case  scenario 
exists  if  it  is  assumed  chat  the  entire  50-year  disposal  volume  (4,880.000 

cu  yd)  is  placed  instantaneously  at  any  one  potential  disposal  site.  For 
relative  comparison  purposes,  all  disposal  sites  are  considered  to  have  Che 
same  dimensions.  From  historical  evaluations  of  existing  disposal  sites 
around  the  nation,  a  disposal  mound  5  ft  high  is  not  unrealistic.  Hence,  a 
square  disposal  site  with  side  dimensions  of  5,000  ft  and  a  height  of  appro’.i- 
raately  5  ft  will  accommodate  the  anticipated  50-year  disposal  volume.  These 
dimensions  were  selected  as  the  evaluation  mound  configuration  for  both  long¬ 
term  average  hydrodynamic  condition  simulation  comparisons  and  48-hr  north¬ 
easter  storm  event  condition  simulation  comparisons.  A  three-dimensional 
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perspective  view  ar.d  cuntotir  map  of  the  tvpp  of  disposal  mound  used  for  each 
site  are  shown  in  Figures  and  26,  respectively.  These  figures  from  the 
Naval  Channel  site  are  for  illustration  of  dlmei'slons  only,  and  the  actual 
elevations  will  vary  for  each  Itrdivldual  site. 

M'iterial  dispersion  from  the  disrosal  sites 

173.  The  dispersion  of  dredged  material  from  the  seven  potential  dis¬ 
posal  sites  is  indicated  by  movement  of  the  centroid  of  the  disposal  mound.s 
after  the  simulation  periods.  A  quantitative  assessment  of  mound  stability  is 
made  bv  computing  the  location  of  the  centroid  of  the  mound  along  the  central 
mound  axis  for  each  computational  time  step  of  the  .simulation.  These  computa¬ 
tions  are  made  by  balancing  the  summation  of  moments  at  each  computational 
grid.  The  stability  analysis  i.s  made  by  estimating  mound  response  to  long 
period?  of  exposure  to  the  average  hy'rodynamic  conditions  (3-month  simula¬ 
tions).  In  additioir  to  this  normal  condition  si-ju’ ation,  a  storm  event  analy¬ 
sis  was  perform^'d  to  investigate  single  event  erosion  of  the  test  mound.  A 
43-hr  northeaster  storm  event  was  selected  as  typically  representative  of 
storm  events  for  this  region  of  the  nation. 

176.  The  Naval  Channel  potential  disposal  site  is  selected  as  an  exam¬ 
ple  of  a  worst  case  scenario  of  the  long-term  simulation  mound  axis  migration 
history  for  a  disposal  site,  after  receiving  all  disposed  material  with  either 
NWS  Yorktovn  or  CAX  dredged  materials  covering  the  disposal  mound.  The  mound 
migrations  and  concour  maps  for  this  site  after  3  months  (2,088  hr)  are  shown 
in  Figures  27  and  28.  "he  time-history  of  the  centerline  axis  movement  over 
the  3-month  time  period  is  shown  In  Figure  29. 

Summary  conclusions 

177.  Results  of  all  of  the  relative  comparison  simulations  of  disposal 
mound  centroid  movement  a; e  presented  in  Table  17.  All  seven  of  the  potential 
disposal  sites  would  experience  a  minimal  degree  of  disposal  mound  centroid 
movement  under  A8-hr  northeaster  storm  events.  The  greatest  amounts  of  cen¬ 
troid  movement  for  a  single  48-hr  storm  would  occur  at  the  Dam  Neck  site  if 
this  mouna  were  covered  with  fine  material  dredged  from  either  NWS  Yorktown  or 
CAX,  and  at  the  shallow  Thimble  Shoal  site  if  this  mound  consisted  of  material 
from  any  of  the  four  prospeccive  dredging  areas.  The  water  depth  at  this 
location  is  sufficiently  shallow  (22  ft)  such  that  the  average  current  magni¬ 
tude  is  great  enough  to  transport  material  during  most  of  the  tidal  cycle.  It 
appears  from  relative  comparisons  of  tue  seven  potential  disposal  sites  under 
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48-hr  northeaster  storm  event  simulations  that  no  site  is  significantly  dif¬ 
ferent  from  another  under  these  conditions. 

178.  Dispersiveness  is  a  subjective  determination  based  on  the  actual 
amount  of  movement  experienced  by  the  disposal  site  mound  after  experiencing 
certain  hydrodynamic  forces  for  a  finite  time  increment.  The  disposal  mound 
boundarie.s  spread  to  a  greater  lateral  extent  with  a  corresponding  decrease  in 
mound  thickness.  All  vol’imetric  quantities  of  materials  are  accounted  for  in 
the  mass  continuity  balance. 

179.  For  purposes  of  this  relative  comparison  analysis,  those  sites 
which  experience  less  than  100  ft  of  centroid  movement  during  a  3-month  time 
increment  are  considered  non-dispersive .  Sites  which  experience  centroid 
movement  between  100  ft  and  500  ft  during  a  3-month  time  increment  are  consid¬ 
ered  moderately  dispersive.  Sites  which  experience  centroid  movement  greater 
than  500  ft  during  a  3-month  time  increment  are  considered  dispersive. 
Accordingly,  the  proposed  Norfolk  disposal  site,  Naval  Channel  disposal  site, 
and  Rappahannock  disposal  site  would  be  dispersive  if  the  mound  was  covered 
with  material  dredged  from  either  NWS  Yorktown  or  CAX.  The  Thimble  Shoal 
disposal  site  would  be  considered  dispersive  for  all  four  types  of  dredged 
material.  The  proposed  Dam  Neck  and  York  River  disposal  sites  would  be  non- 
dispersive  if  the  disposal  mound  was  covered  with  any  of  the  four  dredged 
materials.  The  proposed  Norfolk,  Wolf  Trap,  and  Rappahannock  disposal  sites 
would  be  non-dispersive  if  the  disposal  mound  was  covered  with  material  from 
either  NAVPHIBASE  LCREEK  Tributaries  or  Channels.  The  proposed  Naval  Channel 
disposal  site  would  be  considered  moderately  dispersive  if  the  disposal  mound 
was  covered  with  material  from  either  the  NAVPHIBASE  LCREE.<  Tributaries  or 
Channels.  The  proposed  Wolf  Trap  disposal  site  would  be  moderately  dispersive 
if  the  disposal  mound  was  covered  with  material  from  either  NWS  Yorktown  or 
CAX.  This  dispersiveness  interpretation  is  displayed  In  Table  18. 

Cost  Estimates 

180.  A  comparative  cost  estimate  for  placement  of  materials  from  the 
four  prospective  dredging  areas  dredged  at  each  of  the  disposal  sites  under 
consideration  was  prepared  by  the  Norfolk  District  as  shown  In  Table  19. 

These  estimates  were  prepared  using  the  same  prti''edures  as  those  used  for 
preparing  official  estimates  for  bid  purposes.  However,  all  the  estimates 
were  based  on  planning- level  information  and  are  therefore  conservative.  The 
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estimates  include  mobilisation,  demobilization,  direct  dredging  costs,  and 
contingencies.  The  unit  costs  for  Craney  Island  included  an  additional  $2.35/ 
yd^  for  removal  of  material  from  the  handling  basin.  As  would  be  e,xpected, 
the  unit  cost  generally  increased  with  increasing  haul  distance  and  decreased 
with  increasing  volume  to  be  dredged.  However,  Che  costs  for  all  options  were 
generally  within  a  factor  cf  two  and  were  comparable  with  the  cost  for  trans¬ 
porting  the  material  Co  the  Graney  Island  disposal  facility. 

Assessment  for  Open-Uater  Disposal 

Environmental  assessment 

181.  Suitability  of  materials  for  open-water  disposal.  Under  the 
Management  Strategy,  the  suitability  of  placement  of  a  given  material  at  an 
open-water  site  from  the  standpoint  of  contaminants  is  evaluated  in  light  of 
potential  water  column  and  benthic  effects.  Federal  criteria  for  MPRSA  Sec¬ 
tion  103  (US  Environmental  Protection  Agency/US  A-my  Corps  of  Engineers  1990) 
were  used  to  assess  the  suitability  of  material  for  disposal  in  both  the  ocean 
and  Bay  sices  evaluated  as  a  part  of  this  LTMS  study. 

182.  Water  column  toxicity.  Potential  water  column  contaminant  effects 
can  be  evaluated  in  light  of  the  Federal  acute  marine  water  quality  criteria 
(tier  li)  or  water  column  bioassay  results  (tier  III),  considering  initial 
mixing.  The  period  for  initial  mixing  for  ocean  sites  is  4  hr.  For  bay 
sices,  an  initial  mixing  period  of  1  hr  ws  selected  to  more  closely  coincide 
with  the  likely  frequency  of  discharges  at  the  nearby  bay  sites.  Using  the 
tiered  approach,  the  water  column  contaminant  impacts  were  evaluated  based  on 
a  comparison  of  standard  elutriate  test  results  with  Federal  acute  marine 
water  quality  criteria.  Since  the  tests  indicated  that  no  contaminant  release 
would  exceed  the  criteria,  all  the  materials  are  suitable  for  disposal  at  any 
of  the  open-water  sites  from  the  standpoint  of  water  column  contaminant 
effects . 

183.  Additional  insight  regarding  the  suitability  of  the  materials  from 
the  standpoint  of  water  column  contaminants  can  be  gained  by  examining  the 
initial  mixing  characteristics  of  the  disposal  sites.  If  Tier  III  water  col¬ 
umn  bioassays  were  to  be  conducted,  a  value  of  0.01  of  the  96LC50  (in  percent) 
is  compared  to  the  concentration  (in  percent)  of  the  dredged  material  sus¬ 
pended  phase  following  initial  mixing.  The  short  -  term- fate  modeling  Indicated 
the  concentrations  of  the  dredged  material  suspended  phase  were  below 
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1  percent  for  all  materials  at  all  sites.  This  further  indicates  that  there 
is  little  potential  for  water  column  contaminant  effects. 

184.  Benthic  toxicity.  Potential  benthic  effects  are  evaluated  in 
light  of  benthic  bioassays,  considering  both  potential  benthic  toxicity  and 
bloaccumulation.  The  toxicity  criterion  for  benthic  bioassays  is  statisti¬ 
cally  significant  toxicity  at  least  20  percent  greater  than  that  of  a  ref¬ 
erence  sediment.  The  benthic  toxicity  tests  indicated  no  significant 
differences  between  materials  from  the  prospective  dredging  areas  and  either 
of  the  two  reference  sices  in  terms  of  Seanches  survival.  On  Che  basis  of 
these  results,  all  the  materials  are  suitable  for  disposal  at  any  of  the  open- 
water  sices  from  the  standpoint  of  benthic  toxicity. 

185.  Benthic  bioaccumulation.  The  criterion  for  benthic  bioaccumula- 
Cion  is  statistically  significantly  more  bloaccumulation  chan  that  from  a 
reference  sediment.  The  benthic  bioaccuinulacion  tests  indicated  no  signifi¬ 
cant  bioaccumulation  of  PAHs  in  the  materials  from  Che  prospective  dredging 
areas  and  either  of  the  two  reference  sices.  On  the  basis  of  these  results, 
all  of  the  materials  are  suitable  for  disposal  at  any  of  the  open-water  sices 
from  Che  standpoint  of  PAH  bloaccumulation. 

186.  Physical  impacts  on  sensitive  resources.  The  screening  criterion 
for  potential  physical  effects  of  open-water  disposal  on  sensitive  resources 
in  Che  vicinity  of  the  sices  was  the  existence  of  commercial  fish  or  shellfish 
leases  within  1  mile  of  a  site.  If  such  a  lease  existed,  the  site  would  be 
dropped  from  further  consideration.  This  criterion  is  based  on  Che  assumption 
that  water  column  suspended  solids  concentrations  outside  the  site  boundaries 
would  be  low  and  that  material  accumulation  on  the  bottom  would  occur  within 
the  sice  boundaries.  Inquiries  Co  the  Virginia  Marine  Resources  Commission 
indicated  no  such  leases  existed  within  a  mile  of  any  of  the  sites  under 
consideration. 

187.  Modeling  results  indicated  that  the  maximum  obseirved  water  column 
suspended  solids  concentrations  outside  the  site  boundaries  would  generally  be 
below  100  mg/f.  The  bottom  accumulation  was  projected  ro  occur  within  the 
site  boundaries  for  all  materials  at  all  sites.  Based  on  these  consider¬ 
ations,  all  sites  are  acceptable  from  Che  standpoint  of  potential  physical 
Impacts  on  sensitive  resources. 

188.  Accumulative  versus  dispersive  sites.  Open-water  disposal  sites 
can  be  described  as  predominantly  accumulative  or  dispersive.  At  accumulative 
sices,  most  of  the  material  remains  on  the  bottom,  forming  mounds  and 
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remaining  at  chat  location.  At  dispersive  sites,  most  of  the  material  is 
dispersed  over  time  and  transported  away  from  the  site  by  currents.  For  the 
Phase  II  evaluation,  a  criterion  was  established  that  an  acceptable  site  must 
be  predominantly  accumulative.  This  was  defined  for  this  study  to  mean  that 
Che  vast  majority  of  the  material  would  quickly  descend  to  the  bottom  upon 
discharge,  forming  a  mound,  and  that  the  mound  would  not  experience  signifi¬ 
cant  long-term  erosion  or  migration. 

189.  The  short-term  modeling  results  indicated  chat  all  materials  at 
all  sites  would  quickly  descend  to  the  bottom  within  the  site  boundaries.  The 
long-term  modeling  indicated  that  Che  Thimble  Shoal  site  was  dispersive  for 
all  materials;  therefore,  it  is  not  an  acceptable  site  from  the  standpoint  of 
long-term  mound  stability.  The  Norfolk,  Naval  Channel,  and  Rappahannock  Shoal 
sices  were  dispersive  for  the  NUS  Yorkcown  and  CAX  materials;  therefore,  these 
sii.es  are  also  unacceptable  from  Che  standpoint  of  long-term  mound  stability. 
Engineering  asse.ssment 

190.  Engineering  criteria  are  those  concerned  with  the  design,  con¬ 
struction,  and  operational  practicability  of  a  dredging  or  disposal  alterna¬ 
tive.  Engineering  criteria  would  be  met  if  the  site  under  consideration  was 
not  constrained  by  haul  distance  or  placement  techniques  linked  to  constraints 
on  equipment  capability  (e.g.,  available  ocean-going  tugs,  sea  state  con¬ 
straints,  limits  on  navigation  accuracy,  etc.)  These  were  considered  in  the 
site  designation  studies  for  the  Dam  Neck  and  Norfolk  ocean  sites.  Disposal 
operations  have  been  successfully  carried  out  at  all  the  bay  sites  in  the  past 
using  readily  available  equipment,  and  there  Is  no  indication  that  unusual 
safety  considerations  would  preclude  them. 

191.  An  additional  engineering  criterion  is  that  the  use  of  a  given 
site  should  not  conflict  with  other  intended  users  or  established  management 
plans  for  the  site.  The  Dam  Neck,  Rappahannock  Shoal,  and  Wolf  Trap  sites  are 
the  only  sites  under  consideration  which  have  established  management  plans  or 
specified  long-term  anticipated  use  for  maintenance  for  other  navigation  proj¬ 
ects.  The  volumes  of  material  to  be  dredged  by  the  Navy  are  quite  small  com¬ 
pared  to  the  volumetric  capacities  of  the  disposal  sites.  Based  on  these 
considerations,  use  of  any  of  the  open-water  sites  for  any  of  the  materials  is 
acceptable  from  an  engineering  practicability  standpoint. 

Economic  assessment 

192.  No  specific  criteria  for  economic  practicability  were  used  for 
this  study.  Since  the  costs  for  all  open-water  disposal  options  were 
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generally  within  a  factor  of  two  and  were  coaparablc  Co  the  cost  of 
transporting  the  issterlal  to  the  Craney  Island  facility,  all  open-water 
options  were  considered  practicable  from  the  standpoint  of  costs. 
Practicability  suitjtarv  for  open-water  disposal 

193.  Table  20  summarizes  the  practicability  of  open-water  disposal 
options  with  respect  to  environmental,  engineering,  and  economic  criteria. 

All  sites  were  determined  to  be  practicable  from  engineering  and  economic 
standpoints  The  Thimble  Shoal  site  was  determined  to  be  not  environmentally 
practicable  for  placement  of  materials  from  all  four  of  the  prospective  dredg¬ 
ing  areas  because  of  its  dispersive  characteristics.  The  Naval  Channel  and 
Rappahannock  Shoal  Alternate  sites  were  determined  to  be  environmentally  prac¬ 
ticable  for  NAVPHIBASE  LCREEK  Tributary  and  Channel  materials  but  not  practi¬ 
cable  for  placement  of  NWS  Yorktown  and  CAX  materials  because  of  dispersive 
characteristics.  The  Dam  Neck.  Norfolk,  York  River,  and  Wolf  Trap  Alternate 
sites  were  determined  to  be  practicable  with  respect  to  all  criteria. 
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PART  V:  ASSESSMENT  OF  CONFINED  DISPOSAL  OPTIONS 


S£.nfiJLal 

194.  It  Is  likely  that  some  of  the  material  from  the  prospective  dredg¬ 
ing  areas  may  be  found  to  be  unsuitable  for  open-water  disposal  in  the  future, 
and  the  LTMS  must  provide  for  a  disposal  alternative  for  such  material.  For 
purposes  of  this  LTMS,  it  Is  assumed  chat  10  percent  of  the  total  volume  of 
material  from  NWS  Yorktown,  CAX,  and  NAVPHIBASE  LCREEK  Tributaries  may  be 
found  to  be  unsuitable  for  open-water  disposal.  The  assumption  of  10  percent 
was  used  to  assess  Che  acceptability  of  CDF  sices  from  the  standpoint  of  volu¬ 
metric  capacity  and  should  ensure  that  adequate  disposal  capacity  for  poten¬ 
tially  unsuitable  material  is  provided.  Several  options  can  be  considered  for 
disposal  of  such  unsuitable  material  to  Include  capping  and  disposal  in  CDFs , 
Capping  is  a  disposal  alternative  which  involves  placement  of  unsuitable  mate¬ 
rial  at  an  open-water  site,  followed  by  placement  of  clean  material  to  form  a 
covering  or  cap.  However,  capping  has  not  been  used  in  the  Cheasapeake  Bay  in 
Che  past,  while  CDFs  have  been  commonly  used  for  disposal  oi"  material  unsuit¬ 
able  for  open- water  disposal.  Further,  CDFs  have  been  used  for  disposal  at 
the  NVS  Yorktown  and  NAVPHIBASE  LCREEK  in  the  past.  CDFs  are  therefore  a 
logical  option  for  material  unsuitable  for  open- water  disposal,  assuming  CDF 
capacity  is  available. 

195.  An  assessment  of  the  practicability  of  CDF  options  was  made  based 
on  the  results  of  laboratory  tests  and  limited  site  investigations.  The  con¬ 
fined  site  evaluation  included  two  sites  on  NWS  Yorktown  property  and  three 
sites  on  NAVPHIBASE  LCREEK  property  deemed  suitable  for  construction  of  CDFs. 
Hydraulic  filling  from  pipeline  dredges  or  hydraulic  offloading  from  barges 
was  the  assumed  method  of  placement  of  material  for  the  confined  sites. 

196.  The  assessment  of  CDF  options  consisted  of  the  following; 

a.  Site  investigations  to  determine  general  suitability  for  con¬ 
struction  and  operation  of  CDFs. 

Jj.  Column  settling  tests  to  determine  the  CDF  design  requirements 
for  retention  of  suspended  solids  and  initial  storage  volume 
during  filling. 

£.  Consolidation  tests  used  to  estimate  the  long-term  storage 
capacity  of  the  sites. 

d.  Modified  elutriate  tests  to  determine  the  quality  of  effluent 
discharged  from  the  CDFs  during  filling. 
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£.  Evaluation  of  the  potential  for  leaching  of  contaminants  to 
groundwater  based  on  chemical  partitioning  analysis. 

Considerations  for  Confined  Disposal 

197.  CDFs  are  used  to  retain  dredged  material  solids  while  allowing  the 
carrier  water  to  be  released  from  the  containment  area.  The  two  objectives 
inherent  in  the  design  and  operation  of  a  CDF  are  to  provide  adequate  storage 
capacity  for  the  volume  of  material  to  be  dredged  and  to  attain  the  highest 
possible  efficiency  in  retaining  solids  during  the  dredging  operation  in  order 
to  meet  effluent  suspended  solids  requirements.  These  considerations  are 
basically  interrelated  and  depend  upon  effective  design,  operation,  and  man¬ 
agement  of  the  containment  area. 

198.  In  most  CDFs,  constructed  dikes  form  a  confined  surface  area,  and 
the  dredged  channel  sediments  are  normally  pumped  into  this  area  hydrau¬ 
lically.  Both  the  influent  dredged  material  slurry  and  effluent  water  can  be 
characterized  by  suspended  solids  concentration,  suspended  particle  size  gra¬ 
dation,  type  of  carrier  water  (fresh  or  saline),  and  rate  of  flow. 

199.  In  some  dredging  operations,  especially  in  the  case  of  new  dredg¬ 
ing,  sand,  clay  balls,  and/or  gravel  may  be  present.  This  coarse  material 
(greater  than  the  No.  200  sieve)  rapidly  falls  out  of  suspension  near  the 
dredge  discharge  pipe,  forming  a  mound.  The  fine-grained  material  (less  than 
the  No.  200  sieve)  continues  to  flow  through  the  containment  area  with  most  of 
the  solids  settling  out  of  suspension,  thereby  occupying  a  given  storage  vol¬ 
ume  in  the  CDF.  The  fine-grained  dredged  material  is  usually  rather  homogene¬ 
ous  and  is  easily  characterized. 

200.  The  clarified  water  is  usually  discharged  from  the  containment 
area  over  a  weir.  Effluent  flow  rate  is  approximately  equal  to  influent  flow 
rate  for  continuously  operating  disposal  areas.  Flow  over  the  weir  is  con¬ 
trolled  by  the  static  head  and  the  weir  length  provided.  To  promote  effective 
sedimentation,  ponded  water  is  maintained  in  the  area  with  the  depth  of  water 
controlled  by  the  elevation  of  the  weir  crest.  The  thickness  of  the  dredged 
material  layer  increases  with  time  until  the  dredging  operation  is  completed. 
Kinlraum  freeboard  requirements  and  mounding  of  coarse-grained  material  result 
in  a  ponded  surface  area  smaller  than  the  total  surface  area  enclosed  by  the 
dikes . 
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201.  In  most  cases,  confined  disposal  areas  must  be  used  over  a  period 
of  many  years,  storing  material  dredged  periodically  over  the  design  life. 
Long-term  storage  capacity  of  these  areas  is  therefore  a  major  factor  in 
design  and  management.  Consolidation  of  the  layers  continues  for  long  periods 
following  disposal,  causing  a  decrease  in  the  volume  occupied  by  the  layers 
and  a  corresponding  increase  in  storage  capacity  for  future  disposal.  Once 
water  is  decanted  from  the  area  following  active  disposal,  natural  drying 
forces  begin  to  dewater  the  dredged  material,  adding  additional  storage  capac- 
iry.  The  gains  in  storage  capacity  are  therefore  influenced  by  consolidation 
and  drying  processes  and  the  techniques  used  to  manage  the  site  both  during 
and  following  active  disposal  operations. 

Potential  Confined  Disposal  Sites 

Suitability  of  sites  for  disposal  operations 

202.  All  potential  CDF  sites  at  NWS  Yorktown  and  NAVPHIBASE  LCREEK 
identified  in  the  Phase  I  study  were  investigated  in  Phase  II.  An  initial 
assessment  of  suitability  was  made  based  on  limited  site  investigations  and 
detailed  topographic  maps  furnished  by  the  Navy. 

203.  The  Phase  I  Report  (Zappi,  Palermo,  LaSalle  1990)  listed  five 
potential  CDF  sites  at  NWS  Yorktown.  They  were  as  follows:  the  Magazine 
13/14  site,  the  Lee  Pond  site,  the  Roosevelt  Pond  site,  the  Old  Disposal  site, 
and  the  Landf ilL/Forest  site.  The  locations  of  these  sites  on  NWS  Yorktown 
prcpe’"!,  at''  c^-own  in  Figurr  3.  During  an  onsite  investigation  in  Hay  1990 
three  of  the  five  sites  were  deemed  unacceptable,  or  at  least  impractical,  for 
use  at  the  present  time  because  of  environmental  reasons.  The  Lee  PMid  site 
and  the  Roosevelt  Pond  site  were  both  considered  environmentally  unacceptable 
because  of  nearby  spring- fed  streams  and  freshwater  wetlands  and  because  of 
their  existing  or  potential  use  as  recreational  facilities.  The  Old  Disposal 
site  is  now  covered  by  freshwater  wetlands  that  developed  on  the  previously 
disposed  dredged  material.  Cattails  and  other  aquatic  plants  were  more  than 

6  ft  high  at  this  site.  It  was  felt  that,  because  of  current  national  policy, 
any  site  which  involves  wetlands  should  be  avoided,  if  there  are  practical  and 
pconomical  alternatives 

204.  In  addition  to  these  three  sites,  the  old  landfill  portion  of  the 
Landfill/Forest  site  was  deemed  to  be  unacceptable  for  environmental  reasons. 
There  is  some  preliminary  indication,  as  yet  unconfirmed,  that  hazardous 
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materials  may  have  been  disposed  at  this  site  at  some  time  in  the  past.  If 
this  proves  to  be  true,  and  If  these  materials  have  to  be  excavated  and  relo¬ 
cated,  or  if  ocher  remediation  activities  have  to  be  performed  on  this  site, 
the  presence  of  a  CDF  on  top  of  the  site  would  present  a  major  problem.  The 
mere  possibility  of  such  a  situation  is  enough  to  rule  out  this  portion  of 
this  site. 

205.  There  are  two  remaining  sites  at  NUS  Yorktown  on  which  a  CDF  could 
be  located.  They  are  the  Magat'ne  13/14  site  and  the  Forest  site.  Each  will 
be  discussed  from  an  engineering  suitability  standpoint  in  a  separate  subsec¬ 
tion  following.  Summary  information  on  all  sites  is  shown  in  Table  21. 
Magazine  13/14  site 

206.  The  Magazine  13/14  site  is  located  south  of  Turkey  Road  between 
Magazine  Groups  13  and  14  as  shown  in  Figure  30.  The  pumping  distance  from 
Pier  R-3  to  this  site  is  approximately  4.2  miles.  The  effluent  from  this  site 
would  flow  into  Felgates  Creek.  The  entire  site  contains  approximately 

27  acres,  but,  because  of  the  topographical  considerations,  the  largest  CDF 
which  could  be  placed  on  this  site  without  major  earthwork  is  much  smaller. 

207.  The  elevation  of  Che  site  ranges  from  approximately  5  ft  at  the 
eastern  edge  to  approximately  80  ft  at  the  southwestern  corner.  A  small 
unnamed  branch  flows  in  a  ravine  from  west  to  east  across  the  site,  exiting 
through  a  culvert  under  Turkey  Road  near  the  northeast  corner.  Most  of  the 
northern  half  of  this  site  consists  of  the  steep-sided  ravine  containing  this 
branch.  In  the  southwest  corner  is  a  small,  flatter,  plateau-like  area,  rang¬ 
ing  from  approximately  elevation  50  ft  to  elevation  75  ft. 

208.  One  method  to  construct  a  CDF  at  this  site  would  be  to  place  a  dam 
across  the  ravine  near  the  northeast  corner  and  create  an  impoundment  which 
would  effectively  cover  the  entire  ravine,  up  to  Che  drainage  divide  at  Turkey 
Road  at  Magazine  14.  The  dam  would  have  a  crest  elevation  of  approximately  50 
to  55  ft  and  would  be  approximately  350  ft  long  at  the  crest.  The  base  eleva¬ 
tion  of  the  dam  would  be  approximately  5  to  10  ft.  Since  the  entire  length  of 
the  ravine  would  be  contained  within  the  impoundment,  no  surface  stream  would 
flow  into  it,  so  no  diversion  around  it  would  be  necessary. 

209.  The  surface  area  of  Che  impoundment  would  be  approximately 

8  acres,  depending  on  the  water  surface  elevation  chosen.  The  length  would  be 
approximately  1,100  ft,  and  the  average  width  would  be  approximately  250  ft. 
The  average  depth  would  be  approximately  15  ft,  but  would  vary  from  zero  at 
the  western  end  to  approximately  40  ft  at  the  eastern  end.  The  influent 
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should  be  at  the  western  end,  with  the  withdrawal  structure  at  the  eastern 
end . 

210.  A  dam  across  the  ravine  would  produce  the  largest  surface  area, 
largest  depth,  and  both  longest  hydraulic  uotention  time  and  largest  sediment 
storage  volume  of  any  of  the  sites  at  NWS  Yorktown.  There  could  be  environ¬ 
mental  objections  to  filling  Che  small  scream  in  the  ravine.  The  hydrology 
and  ecology  of  the  small  stream  in  the  ravine  are  not  known,  or  ever  whether 
the  stream  is  perennial  or  intermittent.  However,  these  envirorunencai  factors 
must  be  carefully  investigated.  In  addition,  the  suitability  of  the  onsite 
soils  for  construction  of  a  40-  to  50- ft  dam  would  have  to  be  thoroughly 
investigated. 

211.  This  location  does  have  one  advantage  chat  the  ocher  sices  do  not 
have,  however.  The  high  sediment  storage  volume  mentioned  earlier  could  be 
increased  even  further,  if  necessary  for  long-term  management,  with  minimal 
dike  construction.  Dikes  would  only  be  necessary  at  the  eastern  end,  just 
upstream  from  the  dam,  and  at  the  narrow  western  end,  because  the  long  north 
and  south  sides  rise  to  natural  elevations  of  60  to  /O  ft. 

212.  Another  construction  alternative  for  this  site  is  to  level  the 
plateau  on  the  southwestern  corner  to  a  base  elevation  of  approximately  50  ft 
so  the  static  pumping  head  would  be  about  60  ft.  This  would  require  excava¬ 
tion  of  lu  ft  Co  20  ft  of  soil  at  the  western  edge  of  Che  site.  This  exca¬ 
vated  soil  could  then  be  used  to  construct  the  dikes  around  the  site.  A 
cursory  walk-over  and  examination  of  surface  soils  in  May  1990  indicated  chat 
they  were  probably  sandy  clays  which  should  be  suitable  for  construction  of 
dikes  in  the  range  of  5  ft  to  10  ft  in  height.  The  resulting  CDF  would  be 
approximately  400  ft  by  600  ft  in  size  and  contain  approximately  5  acres. 

Both  Che  influent  and  effluent  should  be  located  at  the  eastern  end  of  the 
CDF,  separated  by  a  spur  dike.  This  would  place  Che  influent  closest  to  the 
pier,  and  it  would  allow  the  effluent  to  drain  into  a  small  southern  arm  of 
the  branch  chat  runs  through  the  center  of  the  entire  site. 

The  Forest  site 

213.  The  Forest  site  is  located  approximately  500  ft  west  of  Indian 
Field  Road  and  east  -  southeast  of  Indian  Field  Creek  as  shown  in  Figure  31.  It 
is  approximately  1,6  miles  from  the  shoreline  eni  of  the  pier.  The  total  area 
is  approximately  18  acres,  but  less  than  half  of  this  would  be  suitable  for  a 
CDF. 
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2\U .  The  elevation  at  the  southeast  corner  is  approxiniately  45  ft,  and 
the  land  slopes  gradually  down  in  a  westerly  and  northerly  direction  to 
approximately  25  ft.  From  there,  the  drop  Is  much  sharper  down  to  sea  level 
at  the  banks  of  Indian  Field  Creek.  A  CDF  with  a  base  at  an  elevation  of 
approximately  35  ft  and  containing  approximately  7  acres  could  easily  be  con¬ 
structed  on  the  southeastern  corner  of  the  sice. 

215.  The  site  is  currently  covered  with  trees,  a  large  fraction  of 

which  are  pines  planted  in  1985,  which  are  now  3  in.  to  5  in.  in  diameter.  A 

cursory  walk-over  and  examination  of  the  surface  soils  on  the  sices  in  May 

1990  indicated  that  the  soils  are  prooabiy  sandy  clays,  which  would  allow  for 

easy  excavation  and  leveling  of  the  site  and  which  would  be  suitable  for  con¬ 
struction  of  dikes  approximately  5  ft  to  10  ft  in  height  on  the  western  and 
northern  boundaries.  The  resulting  CDF  would  probably  be  approximately  trian¬ 
gular  in  shape,  with  the  influent  entering  near  the  northeast  corner,  the 
effluent  exiting  near  the  western  corner,  and  with  two  spur  dikes  to  prevent 
short-circuiting  and  increase  the  hydraulic  retention  time. 

216.  Depending  on  how  the  pipeline  from  the  pier  to  the  site  is  routed, 
the  pumping  distance  could  range  from  1.5  miles  to  3 . 5  miles.  The  shortest 
distance  would  be  by  Colonial  Parkway  and  Indian  Field  Road.  An  alternate 
route  along  Che  road  or  railroad  leading  to  the  pier,  across  the  golf  course 
and  Indian  Field  Road  Co  the  site,  would  be  approximately  1.7  miles.  Another 
alternate  would  be  to  support  Che  pipe  on  floats  up  the  York  River  and  Indian 
Field  Creek  to  the  site.  This  distance  would  be  approximately  3  miles. 

Another  alternate  would  be  to  load  the  contaminated  material  on  barges,  carry 
the  barges  to  the  mouth  of  Indian  Field  Creek,  and  pump  the  material  from 
there.  This  pumping  distance  would  be  approximately  1.6  miles,  and  the  static 
pumping  head  would  be  approximately  40  ft  to  45  ft. 

Naval  Supply  Center.  Cheatham  Annex 

217.  No  potential  CDF  sites  have  been  found  on  the  CAX.  It  is  assumed 
that  any  contaminated  material  found  around  the  piers  at  CAX  would  be  disposed 
of  at  NWS  Yorktown,  and  would  be  transported  to  NWS  Yorktown,  either 
hydraulically  or  by  barge. 

NAVPHIBA5F  LCREEK  sites 

218.  The  Phase  I  report  (Zappi,  Palermo,  and  LaSalle  1990)  listed  six 
potential  CDF  sites  on  NAVPHIBASE  LCREEK.  These  were  Che  Desert/LlCtle  Creek 
Cove  site,  the  Rifle  Range  site,  the  New  Magazine  site,  the  Beach  Drive  site, 
Che  Landfill  site,  and  the  Pier  60  site.  The  locations  of  these  sites  on 
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NAVPHIBASE  LCREEK  property  are  shown  In  Figure  5.  An  onsLte  Investigation  in 
May  1990  revealed  Chat  the  New  Magazine  sice  and  the  Pier  60  site  are  actually 
contained  within  the  same  tract  of  land.  This  tract  was  therefore  considered 
as  a  single  alternative.  The  Desert/Little  Creek  Cove  site  was  found  to  be 
unsuitable  because  of  impending  construction.  The  Rifle  Range  site  was  deemed 
unsuitable  because  of  potential  problems  with  existing  lead  contamination. 
Therefore,  three  sites  will  be  considered  in  detail,  and  each  will  be 
described  in  separate  sub-sections  to  follow.* 

Pier  60/New  Magazine  site 

219.  This  site  is  located  on  the  south  side  of  Little  Creek  Cove,  to 
the  north  of  Niles  Road  and  Ricker  Road  as  shown  in  Figure  32.  There  are 
approximately  10  acres  in  the  entire  site.  The  elevation  ranges  from  approxi¬ 
mately  15  ft  on  the  southern  edge  along  Ricker  Road  to  sea  level  on  Che  north¬ 
ern  edge.  Slopes  are  gentle,  and,  with  a  moderate  a.mount  of  excavation  along 
the  southern  edge  and  construction  of  a  dike  along  the  northern  edge,  a  CDF 
approximately  300  ft  by  800  ft  containing  approximately  6  acres  could  easily 
be  constructed.  A  new  parking  lot  has  been  sited  on  the  western  boundary  of 
the  Pier  60/New  Magazine  sice  which  would  reduce  the  surface  area  available 
for  CDF  construction  by  approximately  30  percent.  Since  the  site  is  actually 
on  the  banks  of  Little  Creek  Cove,  pumping  distances  would  be  only  a  few  hun¬ 
dred  feet,  and  the  static  head  would  be  approximately  15  ft. 

The  Landfill  site 

220.  This  site  is  located  south  and  west  of  wetlands  which  border  the 
south  side  of  Little  Creek  Cove  and  is  north  of  Amphibious  Drive  as  shown  in 
Figure  33.  There  are  drainage  ditches  leading  to  Little  Creek  Cove  on  both 
the  east  and  west  ends.  The  entire  sice  is  approximately  14  acres  and  is  at 
approximately  elevation  12  ft  and  is  almost  flat.  Dikes  would  probably  have 
to  be  constructed  on  all  four  sides,  and  should  not  encroach  on  the  wetlands. 
The  resulting  CDF  would  measure  approximately  900  ft  by  450  ft,  and  would 
contain  approximately  9  acres.  Hydraulically,  the  best  alternative  would  be 
Co  construct  one  longitudinal  spur  dike  and  arrange  both  the  influent  and 
effluent  to  enter  and  exit  at  the  west  end  near  a  large  drainage  ditch. 


*  During  the  review  process  for  this  report,  environmental  issues  associated 
with  Installation  Restoration  (IR)  were  investigated  at  the  Landfill  and 
Beach  Drive  sites.  These  sites  will  not  be  available  for  CDF  construction 
until  these  Issues  are  resolved.  The  data  developed  for  CDF  evaluations  at 
these  sites  have  been  retained  in  this  report. 
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221.  Hazardous  wastes  were  likely  placed  in  this  landfill  in  the  past. 
The  .Navy  has  indicated  that,  until  Installation  Restoratidn  environaental 
issues  are  resolved,  the  Landfill  site  will  not  be  available  for  CDF 
construction. 

Beach  Drive  site 

222.  This  site  is  located  north  of  Eleventh  Street  and  south  of  Beach 
Drive,  northeast  of  Desert  Cove  as  shown  in  Figure  34.  The  Phase  1  report 
states  that  the  site  "has  an  area  of  approximately  20  acres."  However,  a  ball 
field  and  recreational  area  have  been  built  on  the  eastern  part,  and  the  west¬ 
ern  part  consists  of  a  rugged  area  with  sand  dunes  up  to  35  ft  high.  Between 
the  dunes  ana  the  ball  field,  there  is  a  triangular- shaped  area,  now  used  as  a 
pistol  and  rifle  range,  which  contains  approximately  8  acres.  It  would  be 
possible  to  construct  a  CDF  in  an  approximate  triangular  shape  with  sides  of 
about  750  ft  by  550  ft,  and  containing  approximately  5  acres,  on  this  site. 

The  pumping  distance  from  Desert  Cove  to  this  candidate  CDF  site  Is  much 
longer  than  to  the  other  previously  mentioned  sites,  approximately  2,000  ft. 
and  the  static  head  would  be  approximately  10  ft.  The  soils  in  the  area  are 
very  sandy,  so  it  may  be  necessary  to  import  soil  from  another  site  for  the 
construction  of  dikes.  The  Navy  has  indicated  that,  until  Installation 
Restoration  environmental  issues  have  been  resolved,  the  Beach  Drive  site  will 
not  be  available  for  construction  of  a  CDF. 


223.  The  CDF  design  requirements  for  retention  of  suspended  solids  and 
initial  storage  volume  during  filling  were  determined  using  the  results  of 
column  settling  tests.  Detailed  descriptions  of  the  procedures  for  conducting 
the  tests  and  analyzing  the  data  are  contained  in  Engineer  Manual  1110-2-5027, 
"Confined  Disposal  of  Dredged  Material,"  (US  Army  Corps  of  Engineers  1987). 

The  results  of  these  tests  are  used  to  provide  information  on  zone  settling 
rates,  sediment  consolidation  rates,  and  rates  of  clarification  of  the  super¬ 
natant  above  the  zone  settling  interface  (Montgomery  1978;  Montgomery,  Thacks- 
ton.  and  Parker  1983;  Palermo  1986;  Palermo  and  Thackston  1988;  Thackston  and 
Palermo  1983).  This  allows  the  calculation  of  minimum  required  surface  areas, 
the  prediction  of  effluent  suspended  solids  concentrations  for  various 
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opt' rat  i conditions,  an.d  tho  o,i  Icul.t  t  ion  of  r<>iV‘ii*'d  initial  sediment  storage 
VO  1  viire  s 

i’.'a.  The  data  restiiting  frora  these  col'.ucn  settling  tests  were  aiialyzed 
using  t'le  rechnigues  found  itt  the  above  references.  7he  ADIcAXS ,  an  interac¬ 
tive  FC-b,ised  de.sif.n  and  .analvsi.s  .system  for  dretiged  material  management, 
conra  i  ns  CL.:nptitpr  program.s  to  perform  the  requir<><i  calculations  and  was  used 
for  this  ai .a lysis. 

S.ctnle  compos  i  t  i -tg 

225.  Since  no  feasible  disposal  sites  exist  on  CAX  property,  material 
f'om  this  prospective  dredging  area  would  be  placed  in  a  CDF  on  .TUS  Vorictowr, 
propert',  .  For  this  r'?ason,  s.tmples  from  NUS  Yorktown  and  CAX  were  composited 
for  purposes  of  column  settling  tests.  Since  the  behavior  of  Che  fine  grained 
sf'liment  governs  CDF  design  requirements,  only  the  N.AVPHIBASE  LCREEK  Tributary 
composite  was  used  for  column  settling  tests. 

226.  The  NVS  Yorktown/CAX  composite  had  an  initial  water  content  of 
216.72  percent  and  an  assumed  specific  gravity  of  2.68,  The  column  slurry  was 
prepared  using  80  lb  of  the  composited  sediment.  52  i  of  tap  water,  and  936  g 
of  salt.  Tiie  prepared  slurry  had  a  salinity  of  13.5  ppt.  The  NAVPHIBASE 
LCREEK  composite  had  an  initial  water  content  of  169  41  percent  and  an  assumed 
.specific  gravity  of  2.68.  The  column  slurry  was  prepared  using  72  lb  of  the 
composited  sediment.  55  I  of  cap  water,  and  1,100  g  rf  salt.  The  prepared 
slurry  had  a  salinity  of  20  ppt. 

Compression  settling  test  results 

227.  In  the  compression  settling  test,  the  height  of  the  interface 
between  the  clarified  supernatant  and  the  consolidating  sediment  is  measured 
for  a  period  of  15  days.  An  equation  is  fit  to  the  time-height  data,  and  this 
equation  is  used  to  pi^edict  the  volume  of  settled  dredged  material  at  the  end 
of  the  active  filling  portion  of  tlie  project.  The  results  tor  the  ITVS 
Yorktown/CAX  sa.mple  and  the  NAVPHIBASE  LCREEK  Tributaries  sample  are  shown  in 
Figures  35  and  36. 

Zone  settling  test  results 

228.  The  zone  settling  test  data  are  used  to  determine  how  fast  the 
interf.''ce  settles.  This  indicates  how  fast  the  settling  solids  can  be  trans¬ 
ported  downward  under  the  conditions  of  hindered  settling.  The  zone  settling 
curve  fot  the  NWS  Yorktown/CAX  composite  Is  shown  li  Figure  37,  along  with  a 
straight  line  indicating  the  steepest  part  of  the  curve  This  occurs  in  the 
first  6  hr,  and  is  0.16  ft/hr.  The  ini’'lal  slurry  concentration  was  137  g/2. 
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The  curve  for  the  NAVPHIBASE  LCRF.EK  Tributaries  sample  is  shown  in  Figure  38. 
along  with  a  straight  line  indicating  the  steepest  part  cf  the  curve.  This 
occurs  in  the  first  hour,  and  is  0.i3  fC/Ttr.  The  initial  slurry  concentration 
was  130.3  g/i . 

Flocculent  settling  test  results 

229.  The  flocculent  settling  data  are  used  to  help  predict  the  concen¬ 
tration  of  suspended  solids  that  would  be  discharged  over  an  outlet  weir  from 
a  CDF  under  specified  conditions  of  flow.  CDF  geometry  and  detention  rime,  and 
weir  geometry.  It  is  produced  from  a  multi-height,  multi-time  column  settling 
test.  The  resv.lts  of  these  tests  are  shown  as  plots  of  effluent  suspended 
solids  versus  retention  time  for  several  ponding  depths.  The  effluent  sus- 

V •  'ded  solids  concentration  will  be  less  if  the  detention  time  of  the  CDF  is 
increased,  either  by  increasing  the  surface  area,  the  ponded  depth,  or  the 
hydraulic  efficiency.  It  will  also  be  less  if  the  water  is  withdrawn  from  the 
CDF  in  a  thinner  surface  layer,  from  which  more  solids  have  settled.  Fig¬ 
ures  39  and  90  show  the  relationship  between  effluent  solids  concentration  and 
retention  time,  for  each  of  three  values  of  average  withdrawal  drpth.  Weirs 
can  be  designed  Co  limit  the  withdrawal  depth,  although  they  are  larger  and 
more  expensive. 

Design  Requirements  for  Retention  of  Solids  and  Initial  Storage 

Project  data  and  assumptions 

230.  Before  calculations  of  the  behavior  cf  the  dredged  material  in  a 
CDF  can  be  made,  several  assumptions  concerning  the  project  and  the  CDF  must 
be  made.  These  involve  the  geometry  and  hydraulic  behavior  of  the  CDF,  the 
type  of  dredging  and  pumping  equipment  to  be  used,  and  th.;  operating  schedule. 

231.  For  the  purpose  of  this  study,  it  is  assumed  that  a  typical  dredg¬ 
ing  project  at  NWS  YorkCown  will  involve  the  removal  of  200,000  cu  yd,  of 
which  10  percent,  or  20,000  cu  yd,  is  contaminated  to  such  an  extent  Chat  it 
must  be  contained  in  a  CDF.  It  is  likewise  assumed  that  a  typical  dredging 
project  at  NAVPHIBASE  LCREEK  will  involve  the  removal  of  190,000  cu  yd,  of 
which  10  percent,  or  19,000  cu  yd,  is  contaminated  to  such  an  extent  that  it 
must  be  contained  in  a  CDF.  Since  none  of  the  sediments  sampled  during  this 
study  proved  to  be  contaminated,  and  there  are  no  current  sources  of  contami¬ 
nation  (except  for  the  possibility  of  accidental  spills),  this  is  probably  a 
conservative  assumption. 
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232.  It  Is  aSbujBed  that  Che  dredging  at  all  the  prospective  areas  will 
be  done  by  clamshell  dredges,  with  the  sediments  loaded  into  barges,  because 
the  great  bulk  of  the  sediments  will  have  to  be  disposed  of  at  a  distant  site. 
It  is  also  assumed  that  the  clean  sediments  would  be  taken  to  another  location 
for  open-water  disposal  while  pockets  of  contaminated  sediments  will  be 
loaded  into  separate  barges.  These  contaminated  sediments  will  then  be 
reslurried  if  necessary  arid  pumped  to  a  CDF. 

233.  The  use  of  a  separate  cutterhead  dredge  to  excavate  the  contami¬ 
nated  sediments  and  pump  them  directly  to  the  CDF  was  considered,  but  this 
scenario  is  impractical  for  two  reasons.  First,  the  use  of  a  separate  dredge 
to  handle  such  a  small  amount  of  material  would  be  inefficient  and  expensive. 
The  smallest  cutterhead  dredge  that  could  reach  the  30-  to  40- ft  depths  neces¬ 
sary  in  the  prospective  dredging  areas  would  be  a  12- in.  dredge,  and  it  could 
dredge  only  20,000  cu  yd  in  2-3  days.  It  would  not  be  efficient  to  bring  in 
a  separate  dredge  for  this  small  amount  of  work.  Second,  the  output  of  a  12- 
in.  dredge  is  about  10-12  cfs,  and  it  will  be  shown  subsequently  chat  the 
maximum  flow  rate  which  can  be  practically  accommodated  in  a  CDF  of  5-8  acres 
is  about  3  cfs.  Therefore,  it  is  assumed  that  Che  sediments  would  be  pumped 
to  the  CDF  using  an  8-in.-diam  pipeline  flowing  at  a  maximum  velocity  of  8 
ft/sec.  This  produces  a  flow  rate  of  2.8  cfs,  and  would  require  10-12  days 
working  18  hr/day  to  transfer  20,000  cu  yd.  Any  other  combination  of  pipe 
diameters,  velocities,  and  pumping  schedules  that  produces  this  same  approxi¬ 
mate  flow  race  would  result  in  approximately  the  same  effluent  quality.  If, 
at  some  time  in  the  future,  enough  contaminated  sediments  were  discovered  to 
make  the  use  of  a  cutterhead  dredge  efficient,  it  could  be  used  as  long  as  the 
daily  average  discharge  were  kept  to  approximately  3  cfs.  This  could  be  done 
by  only  dredging  intermittently. 

234.  With  respect  to  the  configuration  of  all  of  the  alternative  CDFs , 
it  is  assvuned  that  the  height  of  the  dikes  would  be  10  ft,  the  minimum  free¬ 
board  would  be  2  ft,  the  minimum  ponded  depth  would  be  3  ft,  the  hydraulic 
efficiency  of  the  CDF  would  be  60  percent,  and  90  percent  of  Che  original 
ponded  surface  area  would  still  be  ponded  at  the  end  of  the  disposal  period. 
These  are  typical  and  realistic  assumptions  for  all  of  the  possible  sites, 
except  for  the  ravine  site  at  NWS  Yorktown,  which  would  require  a  separate 
analysis . 
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Minimum  areas  and  volumes  for  sottlin^ 

2J5.  The  area  required  for  effective  settling  depends  on  the  settling 
characteristics  of  the  sediments,  as  described  by  the  results  of  the  compres¬ 
sion  settling  test,  the  zone  settling  test,  and  the  flocculent  settling  test. 
The  SETTLE  module  in  the  ADDAMS  program  calculates  the  minimum  surface  areas, 
ponded  volumes,  and  residence  times  necessary  to  meet  the  requirements  of  all 
three  modes  of  settling.  The  designer  must  use  the  larger  of  the  three  areas. 

236.  The  area  required  for  zone  settling  is  set  by  the  rate  at  which 
the  sediment  solids  can  be  transported  downward  under  hindered  settling.  It 
is  not  a  function  of  sediment  depth,  ponded  depth,  or  withdrawal  depth,  but  is 
a  function  of  flow  rate.  It  is  also  not  related  to  any  suspended  solids  con¬ 
centration  discharge  limit.  At  NWS  Yorktown,  the  minimum  area  required  for 
zone  settling  at  a  flow  rate  of  2.8  cfs  is  2.0  acres.  At  NAVPHIBASE  LCREEK, 
the  minimuni  required  area  is  2.^6  acres. 

237.  .  The  area  required  for  flocculent  settling  is  a  function  of  the 
flow  rate,  the  average  withdrawal  depth,  the  retention  time,  and  the  suspended 
solids  discharge  limit,  or  target.  The  State  of  Virginia  currently  has  no 
suspended  solids  limit  for  dredged  material  discharges,  but  the  Norfolk  Dis¬ 
trict  has  adopted  a  self-imposed  limit  of  5  g/f.  The  District  has  also 
adopted  a  policy  of  using  Best  Management  Practices  (BMP) . 

238.  Since  the  initial  concentrations  of  suspended  solids  in  the  super¬ 
natants  above  the  interfaces  in  both  the  NWS  Yorktown  and  NAVPHIBASE  LCREEK 
column  settling  tests  were  well  below  5  g/f  (0.3  g/f  at  NWS  Yorktown  and 

0.5  g/f  at  NAVPHIBASE  LCREEK),  this  self-imposed  limit  could  be  easily  met  by 
any  CDF  significantly  larger  than  those  necessary  to  meet  the  area  require¬ 
ments  for  zone  settling  (2.0  and  2.5  acres).  However,  the  use  of  BMP  requires 
that  efforts  be  made  to  limit  the  discharge  of  suspended  solids  to  a  practical 
minimum,  so  results  of  analyses  showing  the  suspended  solids  concentrations  in 
the  effluents  from  the  CDFs  at  the  two  facilities  will  be  indicated  as  func¬ 
tions  of  ponded  surface  area,  depth,  and  average  withdrawal  depth. 

239.  In  addition,  space  must  be  provided  for  the  initial  sediment  stor¬ 
age  by  a  combination  of  ponded  area  and  depth.  Analysis  of  the  compression 
settling  test  data  for  NWS  Yorktown  shows  that  the  required  storage  volume  is 
20.84  acre-fiet.  The  depth  of  sediment  at  the  end  of  the  pumping  will  vary 
with  the  surface  area,  as  follows: 

2.60  ft  deep  for  8  acres 
2.98  ft  deep  for  7  acres 
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3.47  ft  deep  for  6  acres 
4.17  ft  deep  for  5  acres 
5.21  ft  deep  for  4  acres 

6.95  ft  deep  for  3  acres 
10.42  ft  deep  for  2  acres 

From  this  data,  it  can  be  seen  that  ponded  surface  areas  at  NWS  Yocktown  less 
than  5  to  8  acres  become  Impractical,  because  the  excessive  depth  for  Initial 
sediment  storage  would  require  dikes  greater  than  10  ft  high. 

240.  Analysis  of  the  compression  settling  test  data  for  NAVPHIBASE 
LCREEK  shows  that  the  required  storage  volume  is  13.92  acre- feet.  The  depth 
of  sediment  at  the  end  of  pumping  will  vary  with  the  surface  area,  as  follows: 

1.74  ft  deep  for  8  acres 
1.99  ft  deep  for  7  acres 
2.32  ft  deep  for  6  acres 
2.78  ft  deep  for  5  acres 

3.48  ft  deep  for  4  acres 
4.64  ft  deep  for  3  acres 

6.96  ft  deep  for  2  acres 

From  these  data,  it  can  be  seen  that  ponded  surface  area  at  NAVPHIBASE  LCREEK 
less  than  about  4  to  5  acres  would  also  be  im^TACtical ,  because  of  the  exces¬ 
sive  dike  heights  required,  just  as  at  NWS  Yorktovm. 

Retention  of  suspended  solids 

241.  Although  required  sediment  storage  volumes  and  dike  heights  will 
control  the  designs  of  CDFs  at  NWS  Yorktown  and  NAVPHIBASE  LCREEK,  the  designs 
should  also  provide  for  efficient  retention  of  suspended  solids.  The  SETTLE 
program  was  used  to  predict  the  suspended  solids  concentrations  in  the  efflu¬ 
ents  from  CDFs  with  a  variety  of  designs  of  varying  surface  areas  and  average 
withdrawal  depths,  all  for  the  assumed  maximum  flow  rate  of  2.8  cfs.  Figure 
41  shows  these  relationships  for  the  sediment  from  NWS  Yorktown,  and  Figure  42 
shows  them  for  NAVPHIBASE  LCREEK  sediment.  These  concentrations  were  all 
below  250  mg/i  and  400  mg/i  for  the  two  sediments,  well  below  the  Norfolk 
District  criterion  of  5  g/f. 

Weir  design 

242.  The  outlet  weirs  should  be  designed  to  release  water  from  the  sur¬ 
face  of  the  CDF  without  high  velocity  approach  currents,  which  might  induce 
scouring  of  previously  deposited  sediments.  In  addition,  they  should  be  suf¬ 
ficiently  long  to  allow  surface  skimming  of  clarified  water  without  causing 


69 


upward  currents  carrying  higher  concentrations  of  suspended  solids  from  near 
the  bottom.  They  should  also  be  designed  so  that  water  is  not  allowed  to  leak 
through  the  weir  structure. 

243.  The  SETTLE  module  contains  a  routine  to  calculate  weir  lengths 
which  will  help  insure  that  these  goals  are  met.  Based  on  these  results,  it 
is  recommended  that  weir  structures  containing  at  least  12  ft  of  weir  length 
be  used.  These  can  be  easily  constructed  as  a  4-fc  by  4-ft  box  weir,  which 
would  meet  the  goal,  even  with  the  side  adjacent  to  the  dike  blocked  off. 
Design  requirements 

244.  An  almost  infinite  variety  of  combinations  of  data  from  the  pro¬ 
spective  dredging  areas,  such  as  flow  rate,  ponded  depth,  withdrawal  depth, 
and  suspended  solids  target  can  be  used  to  generate  minimum  areas,  and  a  vari¬ 
ety  of  CDF  designs  are  possible.  However,  because  the  available  sites  limit 
the  practical  maximum  CDF  area,  the  range  of  practical  designs  is  limited. 

245.  An  analysis  of  the  results  produced  by  many  combinations  of  data 
on  the  prospective  dredging  areas  leads  to  the  recommendations  below: 

a.  The  influent  flow  rate  should  be  limited  to  approximately 
2.8  cfs  (8-in.  pipe  at  8  ft/sec). 

b.  The  surface  area  ponded  at  the  beginning  of  dredging  should  be 
the  total  surface  area  diked. 

c.  The  average  ponded  depth  at  the  end  of  pumping  should  be  about 
3  ft  and  should  not  vary  greatly  from  place  to  place. 

d.  The  outlet  weir  should  be  designed  to  produce  an  average  with¬ 
drawal  depth  of  no  greater  than  2  ft.  A  length  of  at  least 

12  ft  is  recommended. 

e.  The  shape  of  the  CDF  should  be  designed  so  that  the  hydraulic 
efficiency  is  at  least  60  percent.  This  will  probably  require 
at  least  one  spur  dike. 

f.  The  dikes  should  be  at  least  8  ft  to  10  ft  high  to  accommodate 
the  required  3  ft  to  4  ft  of  sediment  depth,  3  ft  of  ponded 
depth,  and  2  ft  of  freeboard  at  the  end  of  pumping. 


Consolidation  Tests 


246.  Self -weight  and  fixed-ring  consolidation  tests  were  conducted  on 
the  NWS  Yorktown/CAX  and  NAVPHIBASE  I.CREEK  Tributaries  composite  samples. 
These  tests  provide  information  related  to  the  consolidation  characteristics 
of  the  dredged  material.  The  consolidation  characteristics  of  the  dredged 
material  are  necessary  for  long-term  storage  capacity  assessment  of  a  CDF. 
Self-weight  and  fixed-ring  tests  provide  data  for  effective  stresses  between 
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0  psf  and  5  psf,  and  18  psf  and  1,000  psf,  respectively.  Self-weight  and 
fixed-ring  consolidation  data  were  used  to  obtain  a  void  ratio-effective 
stress  and  a  void  ratio-permeability  relationship  for  the  composited  samples 
(Cargill  1986).  Figures  43  through  46  provide  the  void  ratio-effective  stress 
and  void  ratio -permeability  relationships  for  the  NWS  Yorktown/CAX  and  NAVPHI- 
BASE  LCREEK  Tributaries  composite  samples. 


Long-term  Storage  Capacity  Evaluation 


247.  Void  ratio-effective  stress  and  void  ratio-permeability  relation¬ 
ships  obtained  from  the  consolidation  tests  are  the  primary  input  parameters 
of  the  1990  version  of  the  Primary  Consolidation  and  Desiccation  of  Dredged 
Fill  (PCDDF90)  computer  model  (Stark,  in  preparation) .  PCDDF90  is  a  numerical 
computer  model  that  uses  a  finite  strain  analysis  to  predict  the  surface  ele¬ 
vation  versus  time  for  various  disposal  sequences.  As  discussed  previously, 

10  percent  of  the  50-year  requirement  at  NUS  Yorktown,  CAX,  and  NAVPHIBASE 
LCREEK  Tributaries  was  assumed  to  be  unsuitable  for  open-water  disposal  and 
placed  in  CDF  sites.  This  yields  the  following  dredging  requirements: 


_ Location _ 

NWS  Y'orktown 
CAX 

NAVPHIBASE  LCREEK 
(Tributaries) 


Material  Quantity,  cu  vd  Dredgin 


20.000  7 

3,000  5 

14,000  10 


248.  Using  PGDDF90  and  the  aforementioned  dredging  requirements,  sedi¬ 
ment  containment  ..nalyses  were  performed  on  NWS  Yorktown 's  Forest  site  and 
NAVPHIBASE  LCREEK  s  Beach  Drive  site  over  a  50-year  period.  Forest  and  Beach 
Drive  are  the  sma  lest  disposal  sites  under  consideration  at  NWS  Yorktown  and 
NAVPrtIBASE  LCREEK  Therefcre,  if  the  Forest  and  Beach  Drive  sites  were  deter¬ 
mined  to  have  ade  uate  containment  capacities  for  the  50-year  dredging 
requirement,  the  arger  sites  would  certainly  have  adequate  capacities. 

249.  Various  assumptions  were  made  in  analyzing  the  sediment  contain¬ 
ment  ability  of  tr j  Forest  and  Beach  Drive  sices.  First,  both  sites  were 
assumed  to  have  Incompressible  foundations.  Second,  ponded  water  was  assumed 
to  exist  between  tie  disposal  sequences  at  both  sites;  therefore,  no  desicca¬ 
tion  would  occur  in  the  upper  layer  of  the  dredge  fill.  Third,  rainfall  and 
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evaporation  conditions  ic  NWS  Vorktown  and  NAVPHTBASE  LCREEK  were  assumed  to 
be  similar  to  those  at  Craney  Island. 

250.  The  long-term  disposal  requirements  and  geotechnical  properties  of 
Che  dredge  material  suggest  lift  thicknesses  of  approximately  2.8  ft  every 

7  years  for  NWS  Yorktown  material  and  0.4  ft  every  5  years  for  CAX  material 
for  each  disposal  sequence  in  the  7-acre  Forest  disposal  sice.  PCDDF90  pre¬ 
dicted  a  final  fill  height  of  11.1  ft  or  a  final  surface  elevation  of  51.1  ft, 
with  placement  of  the  NWS  Yorktown  and  CAX  material.  The  required  dike  height 
for  the  last  disposal  sequence  would  be  14.7  ft;  this  includes  9.7  ft  to  con¬ 
tain  the  dredge  fill  and  5  ft  to  contain  the  ponded  water  required  for  sedi¬ 
mentation.  A  relationship  between  fill  height  and  time  for  Che  Forest  site  is 
presented  in  Figure  47.  Assuming  incompressible  foundations,  no  desiccation, 
and  similar  climatological  conditions,  PCDDF90  indicated  that  any  of  the  CDF 
sites  under  consideration  at  NWS  Yorktown  would  meet  the  long-term  storage 
volume  requirements  for  unsuitable  material  from  NWS  Yorktown  and  CAX. 

251.  The  long-term  disposal  requirements  and  geotechnical  properties  of 
the  dredge  material  suggest  lift  thicknesses  of  approximately  3.2  ft  every 

10  years  for  NAVPHIBASE  LCREEK  Tributary  material  for  each  disposal  sequence 
in  the  5-acre  Beach  Drive  site.  PCDDF90  predicted  a  final  fill  height  of 
14.4  ft  or  a  final  surface  elevation  of  24.4  ft,  with  placement  of  the  NAVPHI¬ 
BASE  LCREEK  Tributary  material.  The  required  dike  height  for  the  last  dis¬ 
posal  sequence  would  be  18.2  ft;  this  includes  13.2  ft  to  contain  the  dredge 
fill  and  5  ft  to  contain  the  ponded  water  required  for  sedimentation.  A  rela¬ 
tionship  between  fill  height  and  time  for  the  Beach  Drive  site  is  presented  in 
Figure  48.  Assuming  incompressible  foundations,  no  desiccation,  and  similar 
climatological  conditions,  PCDDF90  indicated  that  any  one  of  the  CDF  sites 
under  consideration  at  NAVPHIBaSE  LCREEK  would  meet  the  long-term  storage 
volume  requirements  for  unsuitable  material  from  the  NAVPHIBASE  LCREEK 
Tributaries . 


Post-dredging  Management  Techniques 

252.  As  previously  mentioned,  it  was  assumed  that  no  desiccation 
occurred  over  the  50-year  duration  of  disposal.  This  is  a  conservative  esti 
mate  based  upon  little  or  no  post -dredging  management.  Proper  post-dredging 
management  techniques  include  periodic  site  Inspections  and  dewatering  the 
fine-grained  material  (US  Army  Corps  of  Engineers  1987).  These  activities 
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increase  the  rate  of  consolidation  by  allowing  desiccation  to  occur  more 
efficiently . 

253.  Once  a  disposal  sequence  has  been  completed  and  the  ponded  water 
has  been  decanted,  site  management  efforts  should  be  concentrated  on 
maximizing  the  containment  storage  capacity  gained  from  continued  drying  and 
consolidation  of  dredged  material  and  foundation  soils.  Removal  of  ponded 
water  will  expose  the  dredged  material  surface  to  evaporation  and  promote  the 
formation  of  a  dried  surface  crust.  Weir  crest  elevations  should  allow  effi¬ 
cient  drainage  of  runoff  water.  This  may  require  periodic  lowering  of  the 
weir  crest  elevation  as  the  dredged  material  surface  settles, 

254.  Natural  processes  often  need  man-made  assistance  to  effectively 
dewater  fine-grained  dredged  material  since  dewatering  is  greatly  Influenced 
by  climate  and  is  relatively  slow.  When  natural  dewatering  is  not  acceptable, 
additional  dewatering  techniques,  such  as  trenching,  should  be  considered. 

Modified  Elutriate  Testing 

255.  In  addition  to  the  suspended  solids  concentrations  In  the  efflu¬ 
ents  from  CDFs,  the  concentrations  of  various  inorganic  and  organic  chemicals 
in  the  effluent  must  be  considered.  The  chemical  quality  of  effluent  dis¬ 
charged  during  filling  operations  is  assessed  by  a  modified  elutriate  test 
(Palermo  1984;  Palermo  and  Thackston  1988a).  This  test  is  designed  to  simu¬ 
late  the  physical  and  chemical  behavior  of  the  sediments  in  the  CDF  and  has 
been  extensively  tested  and  field-validated  (Palermo  and  Thackston  1988b). 

256.  Modified  elutriate  tests  were  run  on  composite  samples  for  all 
prospective  dredging  areas.  These  tests  consisted  of  mixing  s -dimenc  and 
water  to  a  concentration  equivalent  to  that  of  the  hydraulic  inflow  to  the 
CDF,  aerating  the  mixture  for  1  hr,  allowing  the  slurry  to  settle  for  a  period 
approximating  the  expected  retention  time  in  the  CDF,  and  extracting  a  sample 
of  the  supernatant  water  for  analysis.  The  extracted  sample  was  analyzed  for 
both  dissolved  and  particle-associated  contaminant  concentrations.  Based  on 
the  results  of  the  sediment  chemical  Inventory,  the  modified  elutriates  were 
analyzed  for  metals  and  PAHs,  in  a  manne’"  similar  to  the  standard  elutriates. 

257.  The  total  concentrations  (dissolved  plus  particle-associated)  of 
seven  inorganic  contaminants  are  tabulated  in  Table  22.  Only  those  parameters 
that  were  detected  in  the  modified  elutriates  are  tabulated.  None  of  the  PAHs 
were  detected  in  the  modified  elutriates.  Metals  were  detected,  but  were  at 
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concentrations  below  the  Federal  acute  marine  water  quality  criteria.  Since 
the  total  concentrations  in  the  racdified  elutriates  were  below  criteria,  sepa¬ 
rate  analysis  of  the  dissolved  concentrations  was  not  performed. 

Groundwater  Leachate  Evaluation 

258.  An  assessment  of  the  potential  for  movement  of  metals  into  ground- 
water  below  CDFs  was  made  based  on  conservative  equilibrium  partitioning 
principles.  This  evaluation  Indicates  a  worst-case  potential  for  contaminant 
movement  in  leachate.  It  was  assumed  that  dredged  material  was  placed  in  a 
CDF,  pore  water  seepage  transported  contaminants  from  the  dredged  material 
solids  to  foundation  soils  beneath  the  CDF,  and  that  the  dredged  material  was 
anaerobic.  A  detailed  discussion  of  this  assessment  to  include  the  theoreti¬ 
cal  basis  for  estimating  contaminant  pore  water  concentrations  is  presented  in 
Appendix  A. 

259.  Drinking  water  standards  are  not  available  for  most  organic  con¬ 
taminants.  However,  estimated  pore  water  concentrations  for  organic  contami¬ 
nants  were  below  available  Federal  drinking  water  standards.  The  estimated 
pore  water  concentrations  for  organic  contaminants  were  also  below  acute  fresh 
and  marine  water  quality  criteria  (US  Environmental  Protection  Agency  1986). 
Estimated  pore  water  Metal  concentrations  vary  depending  on  distribution  coef¬ 
ficients  and  percentage  of  the  total  metal  concentration  that  is  leachable. 
Based  on  equilibrium  partitioning,  estimated  pore  water  concentrations  in  the 
dredged  material  for  some  metals  could  exceed  drinking  water  standards,  espe¬ 
cially  lead  and  chromium. 

260.  Estimates  of  pore  water  quality  is  just  part  of  the  information 
needed  to  evaluate  leachate  impacts  on  ground  water  resources.  The  hydraulic 
conductivity  of  the  dredged  material  and  foundation  soils  significantly  affect 
seepage  rate.  The  sorption  properties  of  foundation  soils  also  significantly 
affect  the  transport  of  contaminants  to  ground  water.  Most  foundation  soils 
can  adsorb  metals  and  attenuate  their  movement.  In  addition,  dilution  by 
groundwater  and  sorption  by  aquifer  materials  can  lower  contaminant  concentra¬ 
tions  at  offsite  monitoring  wells  to  below  drinking  water  limits.  When 
seepage  is  low  and  soil  sorption  is  high,  impacts  on  groundwater  can  be 
negligible.  Because  of  these  considerations,  it  should  be  emphasized  that 
estimates  of  pore  water  concentrations  do  not  necessarily  indicate  that 
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groundwater  leachate  would  be  an  environmental  problem,  only  that  additional 
tests  would  be  warranted, 

261.  Based  on  this  assessment,  leach  tests  for  lead  and  chromium  would 
be  needed  for  assessing  groundwater  impacts  for  specific  permit  applications 
in  the  future.  The  need  for  testing  would  depend  on  the  groundwater  resources 
at  the  CDF  under  consideration  and  the  metals  concentrations  of  sediments  to 
be  dredged. 


Cost  Estimates 


262.  A  comparative  cost  estimate  for  hydraulic  placement  of  materials 
from  the  three  prospective  dredging  areas  at  each  of  the  confined  sites  under 
consideration  was  prepared  by  the  Norfolk  District  as  shown  in  Table  23. 

These  estimates  were  prepared  using  the  same  procedures  as  those  used  for 
preparing  official  estimates  for  bid  purposes.  However,  all  of  the  estimates 
were  based  on  planning- level  information  and  are  therefore  conservative.  The 
estimates  include  mobilization/demobilization,  direct  dredging  costs,  and 
contingencies.  Site  preparation  costs  (e.g.,  site  clearing,  dike  construc¬ 
tion,  and  pipeline  routing)  were  also  included.  These  costs  indicate  place¬ 
ment  of  materials  dredged  from  NWS  Yorktown  at  the  Forest  and  Magazine  13/14 
sites  to  be  slightly  higher  Chan  a  factor  of  two  times  Che  cost  of  disposal  at 
Craney  Island.  Similarly,  Che  placement  of  sediments  from  NAVPHIBASE  LCREEK 
at  the  Rifle  Range  Pier  60,  Landfill,  or  Beach  Drive  sites  are  comparable  to 
the  cost  of  disposal  at  Craney  Island.  The  cost  of  transporting  materials 
from  NWS  Yorktown  and  CAX  to  a  NAVPHIBaSE  LCREEK  CDF  or  v"  te  versa  would 
involve  a  long-distance  haul  by  barge  plus  the  cost  of  h  iraulic  offloadin';;. 
The  cost  of  these  alternatives  would  be  significantly  higher  than  disposal  at 
Craney  Island,  making  these  alternatives  economically  not  practicable.  How¬ 
ever.  the  cost  of  placement  of  CAX  materials  at  NWS  Yorktown  is  exceptionally 
high,  due  to  the  small  volume  involved. 

Assessment  for  Confined  Disposal 

Environmental  assessment 

263.  Impacts  to  wetlands.  The  Lee  Pond  and  Roosevelt  Pond  sites  at  NWS 
Yorktown,  previously  identified  as  potential  confined  sites  in  the  Phase  I 
study,  were  eliminated  in  Phase  II  because  of  potential  Impacts  to  wetlands. 

75 


No  wetland  areas  have  been  identified  near  the  Forest  site  at  NWS  Yorktovm  or 
the  Rifle  Range,  Beach  Drive,  and  Pier  60/New  Magazine  sites  at  NAVPHIBASE 
LCREEK,  The  Magazine  13/14  site  at  NWS  Yorktown  and  the  Landfill  sice  at 
NAVPHIBASE  LCREEK  were  configured  to  avoid  suspected  nearby  wetland  areas  and 
freshwater  springs.  Their  final  configurations,  if  selected,  must  be 
determined  considering  the  results  of  a  site-specific  wetlands  delineation. 
Based  on  these  considerations,  the  use  of  the  Forest,  Rifle  Range,  Magazine 
13/14,  Pier  60/New  Magazine,  Landfill,  and  Beach  Drive  sites  may  be 
practicable . 

264.  Contaminants .  Results  of  Che  modified  elutriate  tests  Indicated 
that  contaminant  concentrations  in  the  effluent  were  below  Federal  acute 
marine  water  quality  criteria.  Based  on  these  considerations,  use  of  the  con¬ 
fined  sites  would  be  practicable  from  the  standpoint  of  contaminant  release  in 
effluents  during  filling.  Based  on  the  results  of  column  settling  tests,  the 
concentrations  of  suspended  solids  in  CDF  effluents  would  be  well  below  the 
Norfolk  District’s  self-imposed  criterion  of  5  g/f.  A  conservative  assessment 
of  the  potential  for  contaminant  movement  as  leachate  into  groundwater  indi¬ 
cated  that  additional  leach  tests  may  be  needed  for  specific  permit  applica¬ 
tions  in  the  future. 

Engineering  assessment 

265.  The  surface  area  of  the  available  sites  is  limited  to  5  to 

8  acres.  This  presents  a  limitation  of  approximately  2.8  cfs  for  the  maximum 
flow  rate  which  the  sites  could  accommodate  during  filling.  The  available 
sites  would  efficiently  retain  the  suspended  solids  and  result  in  an  initial 
layer  thickness  of  3  to  4  ft  of  deposited  dredged  material. 

266.  The  engineering  criteria  for  confined  disposal  are  concerned  with 
the  operational  practicability  of  using  hydraulic  dredges  or  off-loading 
equipment  to  hydraulically  fill  the  sites.  Although  the  static  head  and  pump¬ 
ing  distances  to  the  sites  would  reduce  production/off • loading  rates,  no 
constraints  in  use  of  conventional  equipment  were  identified.  The  limitation 
on  maximum  flow  rate  would  indicate  that  hydraulic  off-loading  of  barges  would 
be  more  operationally  practical  than  mobilization  of  a  pipeline  dredge  for 
direct  placement  to  the  CDFs. 

267.  A  site  in.spection  and  visual  classification  of  site  foundation 
soils  indicated  that  dike  construction  should  be  practicable  at  any  of  the 
sites  under  consideration.  However,  an  engineering  design  for  dikes  will  be 
required  for  any  site(s)  finally  selected.  An  assessment  of  the  long-term 


76 


storage  capacity  needs  for  CDFs  Indicated  that  any  site  on  NWS  Yorktovm  and 
any  site  on  NAVPHIBASE  LCREEK  property  could  meet  the  requirements  for  the 
respective  facilities.  Based  on  the  above  considerations,  the  use  of  any  of 
the  five  CDF  sites  Is  practicable  from  an  engineering  standpoint. 

Economic  assessment 

268.  No  specific  economic  criteria  were  used  for  confined  disposal 
options  for  this  study.  Since  the  costs  of  confined  options  for  placement  of 
materials  at  CDFs  were  generally  within  a  factor  of  two  and  were  comparable 
with  the  cost  of  transporting  the  material  to  the  Craney  Island  facility, 
these  confined  options  were  considered  acceptable  from  the  standpoint  of  cost. 
However,  the  higher  cost  of  mechanically  dredging  material,  transporting  the 
material  between  facilities,  and  hydraulic  offloading  was  considered  economi¬ 
cally  not  practicable;  and  no  cost  estimates  were  generated  for  those 
alternatives . 

Practicability  summary  for  confined  disposal 

269.  Table  24  summarizes  the  practicability  of  confined  disposal 
options  with  respect  to  environmental,  engineering,  and  economic  criteria. 

The  Little  Creek  Cove  site  was  determined  to  be  not  practicable  due  to  con¬ 
flicts  with  other  land  use  planned  by  the  Navy.  The  sites  on  NWS  Yorktown 
property  were  considered  not  practicable  for  placement  of  NAVPHIBASE  LCREEK 
material  because  of  significantly  higher  cost.  Similarly,  sites  on  NAVPHIBASE 
LCREEK  property  were  considered  not  practicable  for  placement  of  NWS  Yorktown 
or  CAX  material.  The  Forest  and  Magazine  13/14  sites  were  considered  prac¬ 
ticable  for  placement  of  NWS  Yorktown  and  CAX  material  with  respect  to  all 
criteria.  The  Landfill  and  Beach  Drive  sites  were  not  available  for  CDF  con¬ 
struction  pending  resolution  of  Installation  Restoration  environmental  issues. 
Only  the  Pier  60/New  Magazine  site  Is  practicable  for  placement  of  NAVPHIBASE 
LCREEK  material  with  resuect  to  all  criteria. 
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PART  VI;  ASSESSMENT  OF  BEACH  NOURIS'iMENT  AS  A  BENEFICIAL  USE 


Beach  Nourishment  as  a  Beneficial  Use 

270.  While  there  are  a  variety  of  potential  beneficial  uses  of  dredged 
naterial,  the  use  of  acceptable  inaterial  for  beach  nour ishrnent/shorei Ine  sta¬ 
bilization  at  NAVPKIBASE  LCREEK  and  CAX  was  the  only  beneficial  use  identified 
in  Phase  1.  Only  coarse-grained  sediment  with  low  contaminant  concentrations 
is  usually  considered  for  beach  nourishaent .  The  engineering  criteria  for 
acceptance  of  materials  for  beach  nourishment  are  influenced  by  the  material 
properties  of  the  existing  beach  material.  In  general,  medium  sand  or  coarser 
material  is  desirable.  The  percent  fines  should  not  exceed  15  percent.  Other 
factors  such  as  the  color  of  the  sand  are  also  considered.  In  general,  "llke- 
on-like"  material  is  the  desired  result. 

Potential  sites  for  beach  nourishment 

271 .  Naval  Weapons  Station.  Yorktown  and  Naval  Supply  Center.  Cheatham 
Annex .  The  shoreline  adjacent  to  Pier  R-3  at  the  NWS  Yorktown  and  the  Supply 
and  Fuel  Piers  at  CAX  were  tentatively  Identified  in  Phase  I  as  two  potential 
sites  for  shoreline  disposal  of  material  dredged  from  nearby  sites.  The  sedi¬ 
ment  characterization  described  in  Part  II  indicated  that  sediments  from  NWS 
Yorktown  and  CAX  are  all  fine-grained  and  contain  concentrations  of  both 
metals  and  organic  contaminants.  Also,  discussions  with  the  Navy  indicated 
that  shoreline  replenishment  at  Pier  R-3  at  NWS  Yorktown  would  not  be 
permitted  due  to  the  security  requirements  in  this  area.  Based  on  these  con¬ 
siderations,  the  use  of  sediments  from  NTJS  Yorktown  and  CAX  for  shoreline 
replenishment  was  not  considered  practicable. 

272.  Naval  Amphibious  Base  Little  Creek.  Beaches  to  the  east  and  west 
of  the  Little  Creek  Inlet  jetties  have  been  used  for  the  disposal  of  material 
dredged  from  the  main  Little  Creek  Channel  on  two  separate  occasions.  In 
1975,  all  Che  material  dredged  from  the  main  Little  Creek  Channel  was  placed 
on  nearby  beaches.  Some  of  the  material  dredged  from  the  channel  contained 
silt  and  this  resulted  in  several  complaints  regarding  the  quality  of  the 
beach  sand.  Therefore,  when  the  Little  Creek  Channel  was  dredged  in  1984, 
only  select  material  from  the  channel  fairway  was  used  for  disposal  or  nearby 
beaches . 
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2’K  Siirplos  ot  existing  beach  material  were  colIecCeJ  in  September 
i rom  beaches  adjacent  to  the  NAVPHIBASE  LCREEK  jetties  The  grain  size 
range  ot  thf  material  Is  shown  in  Kigure  aR,  Comparison  of  this  grain  size 
distribution  with  that  of  the  N’AVPHIBASE  LCREEK  Channel  as  described  in  Part 
II  shows  that  the  existing  beach  sand  falls  within  the  range  of  the  Ch.ir.nel 
sediments.  However,  the  tributary  sediments  contain  from  8  to  U2  percent  fine 
material.  This  confirms  the  past  experience  with  beach  nourishment  at  this 
site,  which  indicated  that  only  about  one  third  of  the  tributary  sediment  was 
acceptable  for  beach  nourishment. 


Assessment  o 


Beach  Nourishment 


27u.  Table  25  summarizes  the  . racticability  assessment  for  beach 
nourishi.ient .  The  sediment  chai  -  c* '‘tzatlon  for  NAVPHIBASE  LCREEK  Channel 
indicated  that  a  portion  of  the  material  meets  the  criteria  for  acceptability 
for  beach  nourishment.  Based  on  this,  Che  use  of  NAVPHIBASE  LCRFF.K  Channel 
sediments  for  b"ach  nourishment  is  practicable.  Grain  size  analysis  is 
required  to  determine  the  portions  of  Che  Channel  sediments  acceptable  for 
future  specific  permits. 


Part  vii:  conglusiosis  and  recokmf.ndations 


Conclusions 


LT.MS  fequi  reTT.ents 

275.  Based  on  the  results  of  both  the  Phase  I  and  Phase  11  studies,  the 
following  conclusions  are  made  regarding  requirements  for  the  LTM.S : 

a.  Considering  the  locations  of  the  prospective  dredging  areas 
and  potential  disposal  sites,  the  geographic  limits  for  Che 
LTMS  should  encompass  the  lower  York  River  and  lower  Chesa¬ 
peake  Bay,  A  50-year  disposal  capacity  was  selected  as  the 
tvme  frame  for  the  LTMS. 

b.  Based  on  historical  dredging  records  for  NL’S  Vorktown,  CAX, 
and  NAVPHIBASE  LCREEK,  the  dredging  requirements  are 
200,000  cu  yd  of  material  every  7  years  at  NWS  Yorktown, 

60,000  cu  yd  of  material  every  10  years  at  CAX,  lh0,000  cu  yd 
of  material  every  4  years  from  the  tributaries  of  NAVPHIBASE 
LCREEX,  and  300,000  cu  yd  of  material  every  10  years  from  the 
main  channel  of  NAVPHIBASE  LCREEK, 

c.  Over  the  50-year  life  of  this  LTMS,  the  total  dredging 
requirement  which  must  be  accommodated  is  approximately 
4,880,000  cu  yd.  This  exceeds  the  maximum  total  available 
volumetric  capacity  of  1,0*2,000  cu  yd  of  all  the  prime  candi¬ 
date  confined  disposal  sices.  Therefore,  placement  of  a  sig¬ 
nificant  fraction  of  the  materials  from  these  facilities  at 
open-water  disposal  sices  must  be  considered  for  the  long 
term . 

d.  Coordination  is  considered  necessary  to  ensure  that  comments 
anti  concerns  of  the  resource  agencies  and  environmental  groups 
are  appropriately  considered  in  the  development  of  the  LTMS. 
The  regularly  scheduled  Inter-agency  meetings  held  by  the 
CENAO  prove  to  be  a  valuable  forum  for  such  coordination. 

Screening  criteria  for  practicability 

276.  The  following  conclusions  are  made  regarding  develcpment  of  cri¬ 
teria  for  precticabil’ ey  of  disposal  options: 

a.  Environmental  criteria  for  open-water  disposal  options  were 
developed  within  the  framework  of  CWA  Section  404,  MPRSA  Sec¬ 
tion  103,  and  the  Corps  management  strategy.  The  main  consid¬ 
erations  in  these  assessments  were  the  potential  for  physical 
impacts  to  sensitive  resources,  and  the  acceptability  of  raate- 
rialo  for  open-water  disposal  from  the  standpoint  of 
contamination. 

b.  Environmental  criteria  for  confined  disposal  options  included 
those  concerned  with  potential  impacts  on  wetlands  and  ocher 
sensitive  resoi  -ces  and  potential  contaminant  pathways  for 
CDFs,  primarily  effluent  discharge. 
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c.  Screonitii’  criteria  for  beach  nour Ishiisent  were  aimed  at  insur¬ 
ing  that  material  was  compatible  with  the  existing  beach 
nia  t  e  r  i  a  1 . 

d  For  all  options,  engineering  criteria  were  concerned  with 
design,  construction,  and  operational  practicability,  and 
whether  conventional  equipment  could  be  used  under  safe  oper¬ 
ating  condi t ions . 

e.  No  specific  criteria  for  economic  practicability  were  used  for 
this  scudv.  However,  cost  estimates  were  made  to  compare  the 
various  options  with  the  current  costs  of  disposal  at  the 
Crane-, •  Island  site. 

Sedimei^t  characteri.-.at  ion 

277,  The  following  conclusions  are  made  regarding  sediment  character¬ 
ization  conducted  for  this  study: 

a.  Conventional  sampling  techniques  using  a  grab  sampler  proved 
adequate  in  collecting  representative  samples  of  sediments 
from  the  dredging  areas. 

b.  Physical  characterization  tests  indicated  that  sediments  from 
NVS  Yorkto-wn  and  CAX  were  predominantly  clays.  Sediments  from 
NAVPlilBASE  LCREEK  Tributaries  were  predominantly  clays  with 
seme  sand,  while  those  from  NAVPHIBASE  LCREEK  Channel  were 
predominantly  sand  with  some  clav. 

c.  A  sediment  chemical  inventory  run  for  all  the  EPA  priority 
pollutants  detected  metals  in  sediments  from  all  three  of  the 
prospective  dredging  areas.  Some  stations  contained  PAFls  and 
pesticides . 

d.  Because  of  the  presence  of  contaminants  in  the  sediments, 
additional  environmental  testing  in  accordance  with  MPP.SA 
Section  103,  CWA  Section  A04,  and  Corps  Management  Strategy 
was  deemed  appropriate. 

e  Four  composite  samples  were  developed  for  additional  environ¬ 
mental  and  engineering  tests  corresponding  to  four  prospective 
dredging  areas  at  NWS  Yorktown,  CAX,  NAVPHIBASE  LCREEK  Tribu¬ 
taries,  and  NAVPHIBASE  LCREEK  Channel,  The  results  of  the 
composite  testing  are  only  considered  appropriate  for  this 
LTMS  in  determining  the  overall  suitability  of  material  from  a 
given  dredging  area  for  a  given  disposal  option. 

Qpen-vater  disposal  options 

278,  The  following  conclusions  were  made  regarding  assessment  of  open- 
water  disposal  options: 

a.  Potential  open-water  disposal  options  include  the  Dam  Neck, 
Norfolk,  Thimble  Shoal,  Naval  Channel,  Wolf  Trap  Alternate, 
York  River,  and  Rappahannock  Shoal  Alternate  sites.  Placement 
ot  t....^erials  from  the  four  prospective  dredging  locations  was 
considered  for  each  of  the  seven  sites,  which  resulted  in 
23  po,ssible  options  for  open-water  placement. 
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b.  Because  all  sites  Involve  long  iiaul  distances,  mechanical 
dredging  and  transport  by  barge  is  the  most  efficient  method. 
It  was  assumed  that  mechanical  dredging  and  filling  of  bottom- 
dump  barges  would  he  the  dredging  technique  for  ill  open-water 
disposal  options, 

c.  Ocean  and  bay  reference  areas  selected  for  this  LTMS  testing 
we;<  considered  representative  of  conditions  adjacent  to  the 
sites  under  consideration,  but  not  directly  influenced  by  pre¬ 
vious  disposal  Different  reference  sites  or  reference  areas 
raav  be  more  appiopriate  once  specific  open-water  disposal 
alteri'.itives  and  sites  are  selected. 

d.  The  determination  of  suitability  of  the  materials  for  open- 
water  disposal  involved  laboratory  tests  for  evaluating  poten¬ 
tial  effects  to  the  water  column  and  benthos  due  to  the  pres¬ 
ence  of  contaminants.  This  determination  was  made  using  a 
tiered  approach  involving  both  chemically  based  and  biological 
tests  and  assessments. 

e.  No  PAHs  were  detected  in  standard  elutriate  tests.  Metals 
were  detected,  but  were  at  concentrations  below  the  Federal 
acute  marine  water  quality  criteria.  Since  the  tests  indicated 
no  contaminant  release  above  the  criteria,  all  the  materials 
are  suitable  for  disposal  at  any  of  the  open-water  sites  from 
the  standpoint  of  water  column  contaminant  effects. 

f.  Benthic  toxicity  tests  indicated  no  significant  differences 
between  materials  from  the  prospective  dredging  areas  and 
either  of  the  two  reference  sices  in  terms  of  Seanches  sur¬ 
vival.  On  the  basis  of  these  results,  all  the  materials  are 
suitable  for  disposal  at  any  of  the  open-water  sices  from  the 
standpoint  of  benthic  toxicity. 

g.  A  TBP  calculation  Indicated  that  no  pesticides  or  PCBs  were  of 
concern  from  the  standpoint  of  potential  benthic  bioaccumula¬ 
tion.  However,  the  NAVPHIBASE  LCREEK  Tributary  composite 
showed  potential  for  bioaccumulation  of  PAHs,  indicating  that 
further  bioaccumulation  testing  for  PAHs  was  warranted.  Sub¬ 
sequent  benthic  bioaccumulation  tests  indicated  no  significant 
bioaccumulation  of  PAHs  in  the  NAVPHIBASE  LCREEK  Tributary 
sediments.  All  of  the  materials  are  considered  suitable  for 
disposal  at  any  of  the  open-water  sites  from  the  standpoint  of 
PAH  bioaccumulation. 

h.  In  all  but  one  case,  the  organisms  exposed  to  test  sediments 
bioaccuraulated  less  metal  than  organisms  exposed  to  either  of 
the  reference  sediments.  In  the  single  case  where  Pb  was  sig¬ 
nificantly  bioacc'omulated  in  NAVPHIBASE  LCREEK  Tributary  sedi¬ 
ment  as  compared  to  the  Ocean  reference  sediment,  the  level  of 
bioaccumulation  shown  by  clams  exposed  to  this  sediment  was 
more  than  an  order  of  magnitude  lower  than  a  tissue  level 
associated  with  any  known  toxic  effects.  Therefore,  there  is 
no  reason  to  be)ieve  that  the  sediments  are  unsuitable  for 
open-water  disposal  at  any  of  the  sites  under  consideration 
from  the  standpoint  of  bioaccumulation  of  contaminants. 
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Although  cesciug  indicated  that  sediments  from  all  four  pro¬ 
spective  dredging  areas  are  generally  suitable  for  open-water 
disposal,  it  is  possible  that  some  of  the  material  from  these 
areas  may  be  found  to  be  unsuitable  in  the  future.  For  pur¬ 
poses  of  this  LTMS ,  it  was  assumed  that  10  percent  of  the 
material  from  Yorktown,  CAX .  and  NAVPHIBASE  LCREEK  Tribu¬ 
taries  would  be  unsuitable  for  open-water  disposal  in  the 
future.  The  assumption  of  10  percent  was  used  to  assess  the 
acceptability  of  CDF  sites  from  the  standpoint  of  volumetric 
capacity  and  should  ensure  that  adequate  disposal  capacity  for 
potentially  unsuitable  material  is  provided. 

A  numerical  model  used  to  predict  the  short-term  fate  of 
dredged  material  at  the  open-water  disposal  sites  indicated 
that  the  descent  behavior  was  similar  for  all  model  runs  at 
all  sites  and  for  all  materials.  The  dredged  material  was 
predicted  to  descend  to  the  bottom  within  a  few  seconds  after 
discharge,  and  to  accumulate  on  the  bottom  near  the  point  of 
discharge.  A  small  portion  of  the  clay  silt  fraction  was 
predicted  tc  accumulate  over  a  wider  area  around  the  point  of 
discharge . 

The  water  column  plumes  for  the  clay-silt  fraction  and  fluid 
fraction  were  predicted  to  disperse  over  time  with  the  plume 
centroid  advected  by  the  current.  The  maximum  concentration 
of  clay-silt  in  the  plumes  for  all  disposal  sites  and  all 
dredged  materials  was  generally  below  100  mg/f  after  initial 
mixing . 

Sediment  transport  modeling  was  performed  to  determine  if  the 
disposal  sites  were  either  dispersive  or  accumulative.  All 
seven  of  the  potential  open-water  disposal  sices  would  experi¬ 
ence  a  minimal  degree  of  disposal  mound  centroid  movement 
under  48 -hr  northeaster  storm  events.  The  Norfolk,  Naval 
Channel,  and  Rappahannock  Shoal  Alternate  sites  were  found  to 
be  dispersive  for  both  the  NWS  Yorktown  and  CAX  dredged  mate¬ 
rial.  The  Thimble  Shoal  site  was  found  to  be  dispersive  for 
materials  from  all  four  prospective  dredging  areas. 

There  are  no  commercial  fisheries  within  1  mile  of  any  of  Che 
open-water  disposal  sites;  all  sites  are  deemed  acceptable 
from  the  standpoint  of  potential  physical  impacts  on  sensitive 
resources . 

Disposal  operations  have  been  successfully  carried  out  at  the 
open-water  sites  in  the  past  using  readily  availaui.e  equip¬ 
ment,  and  there  is  no  indication  chat  unusual  safety  consider- 
a  ions  would  apply.  The  volumes  of  material  expected  to  be 
generated  are  quite  small  compared  to  the  volumetric  capaci¬ 
ties  of  sites  with  established  management  plans.  Therefore, 
use  of  any  of  the  open-water  sites  for  any  of  Che  materials  Is 
considered  acceptable  from  an  engineering  practicability 
standpoint , 

Since  the  costs  for  all  open-water  disposal  options  were  gen¬ 
erally  comparable  with  the  cost  of  transporting  the  material 
to  the  Craney  Island  facility,  no  open-water  option  was  con¬ 
sidered  unacceptable  from  the  standpoint  of  costs. 
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ConCir^i'd  disposal  options 

279.  The  following  conclusions  are  made  regarding  the  assessment  of 
confined  disposal  options: 

a.  There  is  insufficient  confined  disposal  capacity  to  meet  the 
total  dredging  requirement,  therefore  CDF  capacity  should  not 
be  used  for  material  chat  is  suitable  for  other  available 
alternatives . 

b.  It  is  assumed  chat  10  percent  of  Che  total  volume  of  material 
from  NwS  Yorktown.  CAX.  and  NAVPHIBASE  LCREEK  Tributaries  may 
be  found  to  be  unsuitable  for  open-water  disposal  in  the 
future.  Several  options  can  be  considered  for  disposal  of 
such  unsuitable  material  to  include  capping  or  disposal  in 
CDFs.  However,  CDFs  have  been  used  for  disposal  at  these 
N'aval  facilities  in  the  past,  and  CDFs  were  therefore  assumed 
as  the  disposal  option  of  choice  for  material  unsuitable  for 
open-water  disposal  if  CDF  capacity  is  available. 

c.  Potential  CDF  sites  were  evaluated  on  NVS  Yorktown  property 
and  NAVPHIBASE  LCREEK  property.  The  Lee  Pond,  Roosevelt  Pond, 
and  Old  Disposal  sices,  identified  under  Phase  I,  were  elimi¬ 
nated  because  of  potential  impacts  to  wetlands.  The  remaining 
candidate  sices  were  evaluated  with  respect  to  the  surface 
area  deemed  practicable  for  dike  construction.  Two  potential 
CDF  sices  on  NVS  Yorktown  property  are;  .Magazine  13/19  area 
(8  acres)  and  Forest  area  (7  acres).  Three  potential  sites  on 
NAVPHIBASE  LCREEK  property  are:  Pier  60/New  Magazine  area 

(6  acres) ,  Landfill  area  (9  acres) ,  and  Beach  Drive  area 
(5  acres) . 

d.  The  CDF  dikes  were  configured  to  avoid  suspected  nearby 
wetland  areas  and  freshwater  springs.  The  final  configura¬ 
tions  of  these  sices  must  be  determined  considering  the 
results  of  site-specific  wetlands  delineations. 

e  A  sice  Inspection  and  visual  classification  of  sice  foundation 
soils  indicated  that  dike  construction  should  be  practicable 
at  any  of  the  sites  under  consideration.  However,  an  engi¬ 
neering  design  for  dikes  will  be  required  for  any  site(s) 
finally  selected. 

f.  The  dredging  at  all  sices  will  likely  be  done  by  clamshell 
dredges,  with  the  sediments  loaded  into  barges  for  open-water 
disposal.  The  likely  method  for  placement  of  unsuitable  mate¬ 
rial  in  CDFs  will  be  hydraulic  off-loading  from  barges. 

Direct  placement  to  CDFs  by  pipeline  dredge  is  a  possibility, 
but  would  be  inefficient  considering  the  high  mobilization 
costs,  small  volumes,  limitations  on  flow  rates,  and  dredging 
depths . 

g.  Although  the  static  head  and  pumping  distances  to  the  sites 
would  limit  production/off-loading  rates,  no  constraints  in 
the  use  of  conventional  equipment  were  identified. 

h.  The  design  requirements  for  CDFs  for  retention  of  suspended 
solids  and  initial  storage  volume  during  filling  were  deter¬ 
mined  using  the  results  of  column  settling  tests  and  the 
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surface  areas  available  for  diking.  These  tests  indicated 
that  the  influent  flow  rate  to  CDFs  should  be  limited  to 
approximately  2.8  cfs  (equivalent  to  an  8-in.  pipeline  at 
8  ft/sec )  . 

i.  The  surface  area  ponded  at  the  beginning  of  dredging  should  be 
the  total  surface  area  diked.  The  average  ponded  depth  at  the 
end  of  pumping  should  be  about  i  ft  and  should  not  vary 
greatly  from  place  to  place. 

X.  The  shape  of  the  CDF  should  be  designed  so  that  the  hydraulic 
efficiency  is  at  least  60  percent.  This  will  probably  require 
at  least  one  spur  dike. 

k.  The  outlet  weir  should  be  designed  to  produce  an  average  with¬ 
drawal  depth  of  no  greater  than  2  ft.  A  length  of  at  least  12 
ft  is  recommended. 

l.  The  lift  thickness  of  sediment  in  a  CDF  of  5  acres  following  a 
filling  cycle  will  be  approximately  3-4  ft.  The  dikes  should 
therefore  be  at  least  8  ft  to  10  ft  high  to  accommodate  the 
required  3-4  ft  of  sediment  depth,  3  ft  of  ponded  depth,  and 

2  ft  of  freeboard  at  the  end  of  pumping. 

m.  The  assessment  of  long-term  storage  capacity  requirements 
indicated  that  any  CDF  site  for  NUS  Yorktown/CAX  and  any  site 
for  NAVPHIBASE  LCREEK  would  be  adequate,  assuming  that  10  per¬ 
cent  of  the  total  dredging  volume  would  be  placed  in  CDFs. 
However,  the  Navy  should  reserve  the  development  of  both  the 
Forest  and  Magazine  13/14  sites  at  NWS  Yorktown  in  case  the 
disposal  requirements  for  unsuitable  dredged  material  were  to 
change  in  the  future.  Similarly,  development  of  the  Pier 
60/New  Magazine,  Landfill,  and  Beach  Drive  sites  should  be 
reserved  for  CDF  use  at  NAVPHIBASE  LCREEK. 

n.  The  CENAO  self-imposed  limit  of  5  g/2  effluent  suspended 
solids  could  be  easily  met  by  any  of  the  CDFs  if  operated  at 
the  inflow  rate  of  2.8  cfs. 

o.  Results  of  modified  elutriate  tests  indicated  that  contaminant 
concentrations  in  the  effluent  were  below  Federal  acute  marine 
criteria.  Based  on  these  considerations,  use  of  the  confined 
sites  would  be  practicable  from  the  standpoint  of  contaminant 
release  in  effluents  during  filling. 

£.  An  assessment  of  the  potential  for  movement  of  ietals  into 
groundwater  beneath  CDFs,  based  on  conservative  equilibrium 
partitioning  principles,  indicated  that  leach  tests  for  lead 
and  chromium  may  be  needed  for  assessing  groundwater  impacts 
for  specific  permit  applications  in  the  future.  The  need  for 
testing  would  depend  on  the  groundwater  resources  at  the  CDF 
under  consideration  and  the  metals  concentrations  of  sediments 
to  be  dredged. 

q.  The  costs  of  placement  of  materials  dredged  from  NWS  Yorktown 
and  CAX  at  the  Forest  and  Magazine  13/14  sices  are  comparable 
with  the  cost  of  disposal  at  Craney  Island.  Similarly,  Che 
placement  of  sediments  from  NAVPHIBASE  LCREEK  at  the  Pier  60, 
Landfill,  and  Beach  Drive  sites  are  comparable  with  disposal 


85 


at  Craney  Island.  However,  the  cost  of  transporting  materials 
from  NWS  Yorktown  and  CAX  to  NAVPHIBASE  LCREEK  CDFs .  or  vice 
versa,  plus  the  cost  of  hydraulic  offloading  is  significantly 
higher  than  disposal  at  Craney  Island,  making  these  alterna¬ 
tives  economically  not  practicable. 

X.  During  the  review  process  for  this  report,  environmental 

issues  associated  with  Installation  Restoration  were  investi¬ 
gated  at  the  Landfill  and  Beach  Drive  sites  at  NAVPHIBASE 
LCREEK.  These  sites  will  not  be  available  for  CDF  construc¬ 
tion  until  these  Issues  are  resolved. 

Beneficial  use  options 

280.  The  following  conclusions  are  made  regarding  the  assessment  of 
beach  nourishment  as  a  beneficial  use  option; 

a.  Beach  nourishment  at  NAVPHIBASE  LCREEK  was  identified  as  the 
only  practicable  beneficial  use  alternative.  Since  beneficial 
use  is  a  preferred  alternative,  any  material  meeting  the 
acceptability  criteria  for  beach  nourishment  should  be  used 
for  that  purpose. 

b.  A  sediment  characterization  for  NAVPHIBASE  LCREEK  Channel 
indicated  that  approximately  one- third  of  the  material  meets 
the  criteria  for  acceptability  for  beach  nourishment.  Based 
on  this,  the  use  of  NAVPHIBASE  LCREEK  Channel  sediments  for 
beach  nourishment  is  deemed  practicable.  Grain  size  analysis 
is  required  to  determine  the  acceptability  of  sediment  from 
portions  of  the  Channel  for  beach  nourishment. 

g.  A  sediment  characterization  for  NWS  Yorktown  and  CAX  sediments 
Indica.ed  that  the  material  is  unsuitable  for  shoreline  pro¬ 
tection.  Also,  access  to  some  shoreline  areas  is  constrained 
by  security  requirements.  Based  on  these  considerations, 
shoreline  protection  at  NWS  Yorktown  and  CAX  was  considered 
not  practicable. 


Proposed  Formulation  of  LTMS  Alternatives  for  Phase  III 


281.  The  environmental,  engineering,  and  economic  practicability  of 
open-water  disposal,  confined  disposal,  and  beneficial  uses  was  assessed  In 
Phase  II.  These  options  were  evaluated  for  all  prospective  dredging  areas  and 
all  potential  disposal  sites.  The  options  are  grouped  below  into  proposed 
LTMS  alternatives  for  evaluation  under  Phase  III  which  would  meet  tlie  total 
long-term  disposal  requirement. 

282.  Obviously,  there  are  numerous  combinations  of  options.  However, 
several  considerations  serve  to  focus  the  process  of  formulating  alternatives; 

i.  There  is  insufficient  confined  disposal  capacity  to  accomao- 
date  the  total  dredging  requirement.  Therefore,  open-water 
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disposal  at  in-bay  or  ocean  sites  will  be  an  integral  part  of 
any  alternative  meeting  the  LTMS  requirements. 

b.  Since  beneficial  uses  is  the  preferred  option  fo.  >'-cepcable 
material,  the  use  of  this  option  will  be  an  integral,  part  of 
all  alternatives. 

c.  Assuming  that  10  percent  of  the  total  dredging  requirement 
will  be  unsuitable  for  open-water  disposal,  the  required  con¬ 
fined  capacity  for  all  prospective  dredging  areas  exceeds  that 
available  at  either  NWS  Yorktown  or  NAVPHIBASE  LCREEK  sites. 
Also,  the  placement  of  material  from  one  facility  at  CDFs  on 
distant  facilities  was  economically  not  practicable.  There¬ 
fore,  the  LTMS  must  call  for  confined  capacity  at  both 
locations . 

d.  It  may  be  desirable  to  keep  the  number  of  bay  sices  to  a  mini¬ 
mum.  Use  of  a  single  bay  sice  for  all  of  the  Navy's  require¬ 
ment  should  be  considered  as  an  alternative. 

e.  It  may  be  desirable  to  use  only  a  presently  active  bay  sice 
for  the  Navy  material. 

f.  Since  the  Norfolk  ocean  sice  is  not  yet  designated,  alterna¬ 
tives  involving  ocean  disposal  must  specify  chat  the  Dam  Neck 
site  be  used  until  the  Norfolk  sice  becomes  available. 

g.  Although  sediments  from  all  the  prospective  dredging  areas 
were  found  to  be  suitable  for  open-water  disposal  from  the 
standpoint  of  contaminants,  there  is  the  possibility  that 
sediments  from  future  specific  areas  to  be  dredged  will  be 
unsuitable.  Therefore,  confined  disposal  capacity  must  be 
identified  as  a  part  of  the  LTMS. 

263.  Based  on  these  considerations,  a  total  of  five  LTMS  alternatives 
were  identified  for  consideration  under  Phase  III  as  described  below.  All  of 
the  alternatives  incorporated  use  of  acceptable  material  from  NAVPHIBASE 
LCREEK  Channel  for  beach  nourishment.  Also,  all  alternatives  incorporate  use 
of  confined  sites  at  NWS  Yorktown  for  unsuitable  materials  from  NWS  Yorktown 
and  CAX  and  use  of  confined  sices  in  NAVPHIBASE  LCREEK  for  unsuitable  mate¬ 
rials  from  the  Tributaries  and  Channel.  The  term  "suitable"  is  defined  in 
these  descriptions  as  material  determined  to  be  suitable  for  open-water  dis¬ 
posal  at  the  site  under  consideration.  The  main  difference  among  the  alterna¬ 
tives  is  the  number  and  location  of  open-water  sices. 

284.  The  five  alternatives  described  below  do  not  represent  all  possi¬ 
ble  combinations  of  options  chat  could  satisfy  the  criteria  for  technical 
practicability  and  do  not  consider  practicability  based  on  socio-economic, 
political,  institutional,  public  interest,  or  other  factors.  Final  formula¬ 
tion  of  LTMS  alternatives  must  be  accomplished  in  Phase  III  of  the  LTMS. 
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Alternatrlve  1:  Multiple  bay  sttes/’confined  sites 

285.  This  alternative  involves  use  of  multiple  in-bay  open-water  sites 
for  suitable  material.  Several  in-bay  sites  are  technically  practicable  for 
materials  from  each  of  the  prospective  dredging  areas.  This  alternative  was 
developed  assuming  that  material  from  each  of  the  areas  would  be  taken  to  the 
closest  practicable  site.  Alternative  1  consists  of  the  following  components: 

a.  Suitable  material  from  NUS  Yorktown  and  CAX  is  placed  at  the 
York  River  site. 

b.  Suitable  material  from  the  NAVPHIBASE  ICREZK  Tributaries  and 
Channel  (except  that  acceptable  for  beach  nourishment)  is 
placed  at  the  Naval  Channel  site. 

£.  Material  from  NAVPHIBASE  LCREEK  Channel  acceptable  for  beach 
nourishment  is  used  for  nourishment  of  adjacent  beaches. 

d.  Unsuitable  material  from  hVS  Yorktown  and  CAX  is  placed  at  the 
Forest  or  Magazine  13/14  confined  sites. 

e.  Unsuitable  material  from  NAVPHIBASE  LCRF.EK  Channel  and  Tribu¬ 
taries  is  placed  at  the  Pier  60/New  Magazine  confined  sice. 

Alternative  2:  Single  bay  site/confined  sites 

286.  This  alternative  involves  use  of  a  single  in-bay  open-water  site 
for  suitable  material  from  all  of  the  prospective  dredging  areas.  The  York 
River  site  identified  for  this  option  is  practicable  for  placement  of  materi¬ 
als  from  ail  the  prospective  dredging  areas  and  results  in  the  shortest 
aggregate  haul  distance.  Alternative  2  consists  of  the  following  components: 

a.  Suitable  material  from  NWS  Yorktown.  CAX.  NAVPHIBASE  LCREEK 
Tributaries  and  Channel  (except  that  acceptable  for  beach 
nourishment)  is  placed  at  the  York  River  site. 

b.  Material  from  NAVPHIBASE  LCREEK  Channel  acceptable  for  beach 
nourishment  is  used  for  nourishment  of  adjacent  beaches. 

c.  Unsuitable  material  from  NWS  Yorktown  and  CAX  is  placed  at  the 
Forest  or  Magazine  13/14  confined  sites. 

d.  Unsuitable  material  from  NAVPHIBASE  LCREEK  Channel  and  Tribu¬ 
taries  is  placed  at  the  Pier  60/New  Magazine  confined  site. 

Alternative  3:  Single  active  bay  site/conf ined  sites 

287.  This  alternative  Involves  use  of  a  single  in-bay  open-water  site 
which  is  now  actively  being  used  for  other  projects.  Th^  Wolf  Trap  Alternate 
site  is  the  logical  choice  for  this  alternative  since  the  aggregate  haul  dis¬ 
tance  is  much  less  than  for  '.he  Rappahannock  Shoal  Alternate  site.  Alterna¬ 
tive  3  consists  of  the  following  components: 

a-  Suitable  material  from  NWS  Yorktown.  CAX.  NAVPHIBASE  LCREEK 
Tributaries  and  Channel  (except  that  acceptable  for  beach 
nourishment)  is  placed  at  the  Wolf  Trap  Alternate  site. 
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Alternative  4: 


b.  Material  from  NAVPHIBASE  LCREEK  Channel  acceptable  for  beach 
nourishment  is  used  for  nourishment  of  adjacent  beaches. 

c.  Unsuitable  material  from  NWS  Yorktown  and  CAX  is  placed  at  the 
Forest  or  Magazine  13/1^  confined  sites. 

d.  Unsuitable  material  from  NAVPHIBASE  LCREEK  Channel  and  Tribu¬ 
taries  is  placed  at  the  Pier  60/New  Magazine  confined  site. 

Ocean  sites/bav  sites/conflned  sites 
288.  This  alternative  involves  use  of  both  ocean  and  in-bay  open-water 
sites  for  suitable  material.  Sites  were  selected  for  this  alternative  assum¬ 
ing  that  material  from  .WS  Yorktown  and  CAX  would  be  taken  to  the  closest 
practicable  bay  site,  while  suitable  material  from  NAVPHIBASE  LCREEK  would  be 
taken  to  the  nearest  approved  ocean  site.  Alternative  4  consists  of  the  fol¬ 
lowing  components: 

a.  Suitable  material  from  NWS  Yorktown  and  CAX  is  placed  at  the 
York  River  sice. 

b.  Suitable  material  from  the  NAVPHIBASE  LCREEK  Tributaries  and 
Channel  (except  that  acceptable  for  beach  nourishment)  is 
placed  at  the  Dam  Neck  ocean  sice  until  the  Norfolk  ocean  site 
becomes  available.  Thereafter,  the  material  would  be  placed 
at  the  Norfolk  site. 

£.  Material  from  NAVPHIBASE  LCREEK  Channel  acceptable  for  beach 
nourishment  is  used  for  nourishment  of  adjacent  beaches. 

d.  Unsuitable  material  from  NWS  Yorktown  and  CAX  is  placed  .le 
Forest  or  Magazine  13/14  confined  sites, 

£.  Unsuitable  material  from  NAVPHIBASE  LCREEK  Channel  and  Tribu¬ 
taries  is  placed  at  the  Pier  60/New  Magazine  confined  site. 

Ocean  sites/confined  sites 

This  alternative  involves  use  of  ocean  sites  for  all  suitable 
Alternative  j  consists  of  the  following  components: 

a.  Suitable  material  from  NWS  Yorktown,  CAX,  NAVPHIBASE  LCREEK 
Tributaries  and  Channel  (except  chat  acceptable  for  beach 
nourishment)  is  placed  at  the  Dam  Neck  ocean  site  until  the 
Norfolk  ocean  site  becomes  available.  Thereafter,  the  mate¬ 
rial  would  be  placed  at  the  Norfolk  site. 

b.  Material  from  NAVPHIBASE  LCREEK  Channel  acceptable  for  beach 
nourishment  is  used  for  nourishment  of  adjacent  beaches. 

£.  Unsuitable  material  from  NWS  Yorktown  and  CAX  is  placed  at  the 
Forest  or  Magazine  13/14  confined  sites. 

d.  Unsuitable  material  from  NAVPHIBASE  LCREEK  Channel  and  Tribu¬ 
taries  is  placed  at  the  Pier  60/New  Magazine  confined  site. 


Alternative  5: 
289 

material . 
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RecomiBondations  icr  Phase  III 


290.  Phase  III  of  the  LTMS  process  involves  the  analysis  of  alterna¬ 
tives  which  meet  the  LTMS  objectives  and  selection  of  a  preferred  alternative. 
Based  on  the  results  of  the  Phase  I  and  Phase  II  studies,  the  following  activ¬ 
ities  are  reconunended  for  Phase  III; 

a.  Develop  a  final  set  of  LTMS  alternatives  by  combining  the 
options  for  open-water  disposal,  confined  disposal,  and  beach 
nourishment  which  meet  the  environmental,  engineering,  and 
economic  criteria  for  technical  practicability.  The  options 
must  be  grouped  into  LTMS  alternatives  which  would  meet  the 
total  long-term  disposal  need.  Screen  alternatives  using 
technical  criteria  and  additional  criteria  relating  to  insti¬ 
tutional,  political,  public  Interest,  and  other  factors. 

b.  Continue  the  coordination  process  with  resource  agencies 
regarding  the  results  of  the  Phase  I  and  Phase  II  studies  and 
the  formulation  of  LTMS  alternatives. 

c.  Select  a  preferred  LTMS  alternative. 

d.  Pursue  Sectio..  103/904  permits  for  the  selected  LTMS  alter¬ 
native.  This  should  be  done  concurrently  with  the  NEPA 
process . 
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Table  1 


Disrosal  Option 
Open  Water 

Environmental 


Engineering 

Economic 

Confined  Disposal 
Environmental 

Engineering 


Economic 

Beneficial  uses 

(Beach  nourishment) 


Sujrmarv  of  Feasibility  Criteria 


Feasibility  Criteria 


No  commercial  fisheries  leases  within  1  mile  of  dis¬ 
posal  site. 

Site  must  be  predominantly  accumulative. 

Water  column  contaminant  release  less  than  Federal 
marine  acute  criteria  after  initial  mixing  (4-hr  ocean, 
1-hr  bay) . 

Benthic  toxicity  less  than  10%  above  reference. 

No  statistically  significant  bloaccumulatlon. 

Operationally  feasible  with  respect  to  use  of  conven¬ 
tional  equipment  and  safe  operation. 

Cost  comparable  to  disposal  at  Craney  Island. 


No  impacts  to  adjacent  wetlands  or  sensitive  resources. 

Design  of  CDFs  using  best  management  practices. 

Effluent  suspended  solids  less  than  5  g/i. 

Operationally  feasible  with  respect  to  use  of  conven¬ 
tional  equipment  and  safe  operation. 

Site  conditions  favorable  to  dike  construction  using 
conventional  construction  techniques. 

No  Interference  with  other  planned  land  use  by  Navy. 

Cost  comparable  to  disposal  at  Craney  Island. 


Material  less  than  15%  fines  and  similar  to  existing 
material  on  the  beach. 


Table  2 


Sediment  Pvslcal  Characteristics 


Sample 

uses 

Class 

Liquid 

Limit 

% 

_ t-Llmlts 

Plastic 

Limit 

_ 1 _ 

Plasticity 

Index 

In  Situ 
Water 
Content 

% 

Organic 

Content 

% 

Percent 
Passing 
#200  Sieve 

% 

NWS  Yorktown 

NUS-10 

(CH) 

108 

30 

78 

205.8 

7.2 

89 

NUS-11 

(CH) 

130 

41 

89 

217.8 

7.8 

98 

NVS-12 

(CH) 

89 

33 

56 

185.5 

7.2 

97 

NUS-13 

(CH) 

127 

38 

89 

227.2 

8.2 

98 

WS-IU 

(CH) 

128 

35 

93 

231.7 

8.1 

99 

NVS-15 

(CH) 

109 

36 

73 

176,5 

7.0 

97 

NWS -16 

(CH) 

98 

31 

67 

150.9 

5.2 

88 

Avg, 

113 

35 

78 

199.3 

7.2 

95 

CAX 

CA-1 

(CH) 

122 

40 

82 

183.9 

8.3 

97 

CA-2 

(CH) 

124 

39 

85 

218.1 

6.6 

98 

CA-3 

(CH) 

115 

35 

80 

169,1 

6.5 

99 

CA-i 

(CH) 

104 

34 

70 

244.4 

7.2 

97 

CA-5 

(CH) 

128 

42 

86 

175.2 

8.0 

98 

CA-6 

(CH) 

103 

31 

72 

154.4 

6.8 

93 

Avg. 

116 

37 

79 

190.9 

7.2 

97 

NAVPHI8ASE  LCREEK  TRIBUTARIES 

LC-1 

(CH) 

82 

29 

53 

205.9 

6.8 

89 

LC-2 

(CH) 

82 

34 

48 

201.4 

4.8 

87 

LC-3 

(CH) 

95 

34 

61 

234.9 

7.4 

94 

LC-5 

(SC) 

67 

23 

44 

99.5 

3.9 

43 

LC-6 

(SC) 

31 

15 

16 

56.2 

2.2 

28 

LC-8 

(CH) 

64 

22 

42 

98.4 

4.4 

83 

LC-9 

(CH) 

63 

21 

42 

102.5 

4.5 

63 

Avg. 

69 

25 

44 

142.7 

4.9 

70 

NAVPHIBASE  LCREEK  CHANNEL 

LC-4 

(SC) 

31 

14 

17 

30.1 

1.1 

16 

LC-7 

(SM) 

NP* 

22.8 

0.8 

16 

LC-10 

(SM-SC) 

25 

19 

6 

48.9 

2.4 

34 

LC-11 

(SM) 

NP 

-  - 

-  . 

52.1 

2.5 

42 

LC-12 

(SP-SM) 

NP 

21.7 

0.2 

8 

LC-13 

(SM) 

NP 

.  - 

32.6 

1.26 

32 

LC-14 

(SM) 

NP 

33.1 

1.4 

35 

LC-15 

(SM) 

NP 

-  , 

30.8 

1.3 

23 

Avg. 

28 

17 

12 

34.0 

1.4 

26 

*  NP  -  Non-plastic. 
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Table  4 


General  Characteristics  a*"  Seven  Proposed  Dredp.ed 
KaterUl  Disposal  .Sites 


Disoosal  Site  Location 

Average 
Water 
Depth,  ft 

Dam  Neck 

40 

Norfolk 

70 

Thi.rble  Shoal 

22 

Naval  Channel 

35 

Wolf  Trap  Alternative 

38 

York  River 

50 

Rappahannock  Alternative 

40 

Typical  Non-Storm 
Velocities,  ft/sec 

Average 

Velocity 

Direction 

Well- 

Mixed 

Salinity 

PDC 

0.4 

S 

35 

2.0 

SSE 

35 

2.1 

SE 

25 

1.7 

SSE 

25 

1.5 

S 

22 

1.4 

E 

22 

1,8 

S 

18 

Table  5 

Standard  Slutriete  Concencratior.s  In  me/X 


Saraole  Station 

Arsenic 

Chromium 

Conoer 

Lead 

NAVPHIBASE  LCREEK 

* 

0.024 

♦ 

0.005 

Channel 

NAVPHIBASE  LCREEK 

0.036 

* 

0.008 

0.009 

Tributaries 

CAX 

0.036 

★ 

* 

0.005 

NWS  Yorktown 

0.024 

♦ 

★ 

0.004 

Federal  Acute 

■k 

1.200 

0.023 

* 

Marine  Criteria 

*  Indicates  concentration  below  detection  limit. 


Percent 

Treatment _  Survival  S.D.  Rs.Biltal:.£,3 


NAVPHIBASE  LCREEK  1 

100.00 

0.00 

5 

NAVPHIBASE  LCREEK  2 

90.00 

12.25 

5 

NWS  Yorktown 

90.00 

12.25 

5 

CAX 

95.00 

10.00 

5 

Ocean  Reference 

100.00 

0.00 

5 

Bay  Reference 

95.00 

10.00 

5 

Control 

100.00 

0.00 

10 

Table  7 

Water  Sample  Chemical  Concencratlons  In  az/i 


Sample 


Station 

Arsenic 

Cadmium 

Chromium 

CoDoer 

Lead 

Little  Creek 

0.032 

0.0008 

0.006 

0.087 

0.003 

NWS 

* 

0.0012 

0.003 

0.011 

0.002 

CA 

0.020 

0,0024 

ic 

0.007 

0.005 

YR 

0.020 

0.0016 

0.003 

0.002 

0.003 

NC 

0.048 

0.0036 

* 

0.00? 

0.003 

TS 

0.080 

0.0016 

★ 

O.OOo 

0.003 

Method  Blank 

* 

* 

★ 

* 

* 

Sample 

Station 

Silver 

2in<? 

HPTCL 

METOXYCL 

PCB-1254 

Little  Creek 

0.002 

0.037 

0.00001 

★ 

* 

NWS 

0.001 

* 

* 

0.00002 

•k 

CA 

it 

★ 

lir 

it 

* 

YR 

* 

★ 

* 

0.0002 

NC 

* 

> 

* 

* 

0.0002 

TS 

* 

★ 

* 

★ 

0.0006 

Method  Blank 

* 

★ 

* 

•k 

0.0003 

*  Indicates  concentration  below  detection  limit. 


Table  8 


Statistical  Comparison  < r-tcstsl  of  Project  Sediments  with  Ocean 
Reference  (0R>  ..id  Bay  Reference  (BR)  Materials 


Coranarison 

Mean 

Difference 

S.D. 

T  Value 

P  Value 

NAVIPHIBASE  LCREEK  2  versus  OR 

10.00 

13.69 

1.633 

0.178 

NS* 

NVS  Yorktovm  versus  OR 

10,00 

13.69 

1.633 

0.178 

NS 

CAX  versus  OR 

5.00 

11.18 

1.000 

0.374 

NS 

NAVPHIBASE  LCREEK  2  versus  BR 

5.00 

20.92 

0.535 

0.621 

NS 

NWS  Yorktovm  versus  BR 

5,00 

20.92 

0.535 

0.621 

NS 

*  NS  -  Not  statistically  significant  from  reference. 


Table  9 


Sediment:  Chemical  Inventorv  and  Calculation  of  TBP*  for  Navy 
LTMS  (Norfolk).  PesCicldcs.  Phthalates.  and  PCBs 


S«4ia«nii  D*ta 


StAticn 

PPCCD 

prooK 

PPCOt 

BPTO, 

Dt!X2R 

CNOOSU 

tyCRlN 

CNCALD 

BPTCtC 

B2ErB 

PCB1254 

PCB:230 

S'^S-IO 

3.CCC4 

.... 

0  0009 

.... 

.... 

.... 

.... 

SWS-U 

---- 

0.0022 

— 

0.0038 

.... 

---- 

— 

0.0007 

— 

.... 

SVS-12 

—  — 

— 

0.0003 

.... 

0 . 0004 

.... 

.... 

.... 

NVS- 13 

0.0006 

0.9002 

.... 

.... 

.... 

.... 

— 

KWS-14 

.... 

0  0013 

.... 

0.9904 

.... 

.... 

.... 

— 

NVS-:5 

3.5034 

0.0006 

.... 

.... 

.... 

.... 

NWS- 16 

—  - 

.... 

0.0012 

.... 

0.0023 

.... 

0  0011 

— 

0.0017 

.... 

--- 

— 

CA-1 

o.oou 

9.0011 

0.0013 

.... 

.... 

.... 

CA-2 

0  0012 

0  0007 

.... 

0.0039 

.... 

— — 

— 

.... 

CA'3 

0.QG06 

—  — 

9.0020 

.... 

.... 

.... 

CA-* 

0.0022 

0.0019 

0.0022 

.... 

.... 

.... 

.... 

.... 

CA'3 

0.0046 

.... 

—  - 

0.0006 

.... 

0.0012 

.... 

.... 

Ca-6 

O.0Q5O 

.... 

.... 

.... 

— — 

*  — 

.... 

LC‘L 

0.0037 

0.0012 

.... 

.... 

.... 

0.0033 

.... 

0.0700 

LC-2 

0.0029 

0.0032 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

l.C-3 

0.0Q47 

0.0039 

.... 

.... 

.... 

.... 

LC-4 

0.0008 

.... 

.... 

.... 

.... 

.... 

.... 

LC-6 

9.0034 

0.0023 

.... 

Q.00Q3 

.... 

.... 

.... 

.... 

LC*7 

0.0003 

.... 

O.OOlO 

.... 

.... 

0.3300 

.... 

.... 

IC'B 

0.0097 

.... 

0.0010 

0.0013 

.... 

.... 

6.0050 

.... 

lC-9 

..... 

0.0013 

O.C010 

0,0011 

.... 

.... 

.... 

.... 

LC-IO 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.C-ll 

.... 

---- 

.... 

.... 

.... 

.... 

.... 

ic-i2 

.... 

O.OOlO 

0.0014 

.... 

0  0003 

.... 

.... 

.... 

.... 

— - 

LC-U 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

TB? 

t99  «n 

With  12 

Llpl6** 

Station 

PTOOO 

ppDoe 

PTOOT 

arrcL 

DIKLQlt 

ciroosif 

CKDRIR 

ERDALO 

IPTCll 

rtETBQOCY 

83Eni 

PCB1234 

PCai260 

HWS-IO 

0.0016 

.... 

0  9036 

.... 

.... 

.... 

---- 

KWS-ll 

— - 

9.0089 

.... 

0.0134 

— 

0.0026 

.... 

.... 

.... 

NWS- 12 

---- 

0.0020 

0  0016 

.... 

.... 

.... 

NWS-13 

.... 

0.0024 

.... 

0.0006 

.... 

.... 

.... 

NWS-1* 

0.0061 

.... 

0.0016 

.... 

.... 

.... 

HWS-15 

o.ooie 

--- 

0.0032 

.... 

.... 

.... 

—  — 

.... 

.... 

.... 

.... 

.... 

NW5-16 

.... 

---- 

.... 

0.0049 

.... 

0  0101 

0.0043 

.... 

0.0069 

.... 

.... 

CA*’ 

0.0034 

9.0029 

9.0034 

.... 

.... 

.... 

.... 

.... 

.... 

CA-2 

0,0031 

0  0016 

0.0101 

.... 

.... 

.... 

.... 

CA-3 

0.0021 

.... 

0  0032 

.... 

.... 

.... 

.... 

.... 

CA-* 

0  0037 

0  0049 

0  0057 

.... 

... 

.... 

:a'3 

0  UUS 

-- 

0.0016 

—  - 

0.0031 

.... 

.... 

.... 

CA-6 

9  0130 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

(Continued) 
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Table  9  (Continued) 


LC’l 

---- 

0.0  ue 

0.0Q2* 

.... 

.... 

.... 

.... 

0  01^)6 

.... 

0  1*20 

IC'l 

0  C039 

3.0C65 

.... 

.... 

.... 

— 

— 

.... 

.... 

u- J 

0.CC93 

3.0120 

.... 

.... 

.... 

.... 

.... 

.... 

LC-* 

.... 

0.002* 

.... 

.... 

— 

— 

.... 

.... 

.... 

.... 

u:*3 

0.0122 

.... 

.... 

0.0022 

.... 

0.00*1 

.... 

.... 

— - 

.... 

ic-i 

ic-y 

0.CC69 

0  5013 

C  .  00*7 

.... 

.... 

.... 

9.0010 

.... 

.... 

.... 

1  -  5704 

0 . 0030 

LC*» 

0.001* 

O.OQZO 

0.0026 

.... 

.... 

.... 

.... 

—  - 

0.0101 

.... 

u:-a 

.... 

0.0032 

0.0061 

0.0022 

.... 

.... 

.... 

.... 

.... 

u:-i3 

LC-U 

LC-12 

LC’l3 

U-U 

LC-iS 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

— - 

.... 

0.0030 

0.0041 

0.0009 

.... 

.... 

.... 

.... 

.... 

.... 

— 

•  * 

TBP  for  on  Oci«ni>a  with  32  Lipid 


Station 

PPOQD 

ppDor 

PPDOT 

aPTCL 

JICLOR 

ClfDOStJ 

emrw 

»0AU} 

HPTCtl 

KmSJXT 

B2ZP8 

PC^USi 

FCB1260 

HWS-IQ 

{»WS-ll 

lWS-12 

!*WS-13 

!IWS-14 

SW5-15 

0.00*9 

0.0287 

0.0462 

Q .  0 109 

0.0003 

0  <J061 

0 .0049 

0.0102 

0.0097 

0 . 0073 

0 . 0024 

0.00*9 

0 . 004  9 

n  AA 

o””4 

HWS* 16 

0 .0146 

U  .  UJ04 

■ 

CA-1 

0.0101 

0.C066 

0.0101 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

CA'‘2 

0.0093 

0 .0034 

.... 

0 .0304 

.... 

.... 

.... 

CA-3 

CA-4 

0.0062 

.... 

0.0136 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

0.0171 

0.01*6 

0  9171 

.... 

..  .. 

.... 

CA-5 

0.0374 

0.0389 

.... 

— - 

0.0047 

0.0093 

.... 

.... 

.... 

— — 

CA*  6 

IC-l 

LT.-I 

0.0347 

0 . 0073 

0 . 0323 

0 . 4260 

0.0176 

0.0339 

0.0071 

LC-* 

LC'3 

t  n T 5i 

0.0207 

0.00*7 

0.0030 

V  .  U 

LC”6 

0.02*0 

.... 

.... 

.... 

.... 

LC-7 

tc-o 

ri^-o 

0.0044 

0.0043 

.... 

0  0009 

.... 

.... 

.... 

.... 

.... 

4.71X1 

0.0Q61 

0.0079 

A  AH 

0 . 9904 

uu  « 

f /".in 

0.0097 

u:*i2 

LC-13 

;  r*  .  1  4 

0.0009 

0.0124 

0.0027 

.... 

.... 

.... 

.... 

.... 

— - 

.... 

LV  1* 

’X'li 

.... 

.... 

.... 

.... 

.... 

.... 

.... 
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Table  9  (Concluded) 


TBF  Cor  an  Ortanian  ^ith  62  L 

ipld 

Station 

??CCD 

PPOCE 

PPCOT 

HPTO. 

0IEL3R 

EKOCSU 

EJfCRJH 

I!<DAl.D 

HPTCLE 

METHCrf 

BZEIR 

PC81234 

pcaizso 

KWS*13 

a. 3:97 

0.0219 

.... 

—  — 

.... 

KWS-il 

0.0534 

Q  0923 

— 

— 

0  0170 

.... 

.... 

.... 

NWS-U 

*— * 

0.0121 

0  0097 

.... 

— 

— 

— 

— 

.*n*  o  1 2 

a. 0146 

.... 

—  — 

O.0Q49 

.... 

.... 

.... 

J<WS'U 

— - 

—  - 

0.0364 

.... 

0-0097 

.... 

.... 

.... 

.... 

MWS-15 

3.0097 

— 

0.0194 

““ 

.... 

— 

— 

— 

.... 

.... 

»»WS-  16 

---- 

0.0291 

0.3607 

— — 

0.0267 

0.0413 

.... 

.... 

CA-l 

3  0202 

3  aj?i 

0  0202 

---- 

.... 

.... 

.... 

.... 

CA-2 

0.0167 

3  C109 

0.C607 

— 

.... 

— 

— 

.... 

.... 

.... 

.... 

CA-3 

3  0123 

---- 

0  93i: 

---- 

— 

--- 

.... 

.... 

---- 

.... 

CA-* 

0.0342 

0.0296 

0.0342 

.... 

—  — 

.... 

.... 

... 

.... 

.... 

CA-S 

0.07a7 

9.0093 

0.0187 

.... 

.... 

.... 

.... 

.... 

CA-6 

0.0776 

.... 

.... 

.... 

.... 

.... 

IC-l 

9.0694 

a. 0146 

—  - 

.... 

0  0643 

0,8319 

IC'2 

0.0353 

0.0369 

---■ 

— 

---- 

.... 

— — 

.... 

.... 

LC-3 

0,0372 

0,0716 

— — 

—  - 

— - 

— . 

.... 

LC-* 

0.01^2 

—  - 

—  — 

LC-5 

0,0730 

—  - 

■  — 

0  0134 

.... 

0  02*8 

.... 

.... 

.... 

.... 

.... 

LC-6 

0.0*1* 

0  0280 

—  - 

---- 

... 

0.0061 

.... 

.... 

.... 

uco 

0.0089 

—  - 

0,0178 

.... 

.... 

0  *222 

.... 

u:-8 

0.0083 

0,0122 

---- 

0.0138 

.... 

0.0609 

U-9 

0  0103 

0.0365 

0.0134 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

TBP  *  *  1  ContMitnaiit  Concantration/TOC)  i  Orftani«»  i  Fraction 

**  PTOOO  •  p.p'-OOO.  PPOOE  -  p.p'^DDE;  PPDOT  -  p.p  'OOT.  aPTCI.  -  8*pt*cMor:  OIELD*  -  Olaldrin;  DtDOSU  «  Ende.ui 
fan;  ElCDXia  «■  Endrln;  C)*t}Ai.O  «  fndrin  aldahyda:  fiPTCLE  •  Saptaahlor  apoxida;  '^THOXT  •  Hathoxycblor :  8ZSP8  • 

B«<  A  athyl  haxrL  phthaLata:  KBt23«  •  AxocLar  125«;  KBUSO  •  AxoeUr  U0O 
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Table  10 


Sediment  Chemical  Inventory  and  Calculation  of  TBP* 
for  Navy  LTMS  (Norfolk) ,  PAHs 


TBP  for  an  Organism  with  1% 


Stat ion 

Sediment 

Data** 

Lloid 

FLUOR^AN 

PYRENE 

CHRYSE 

BBFI.UOR 

FLUOPJW^ 

P'i'RENE 

CHRYSE 

BBFLU 

NWS -10 

-  - 

.  . 

NWS- 11 

.  . 

NWS-12 

NWS -13 

NWS -14 

NWS -15 

-  - 

NWS -16 

— 

-- 

— 

CA-1 

• 

..  , 

CA-2 

1.2000 

3.1128 

CA-3 

*  - 

CA-4 

*  - 

- 

CA-5 

CA-6 

— 

LC-1 

« • 

.  . 

. 

*  . 

LC-2 

. 

.  . 

LC-3 

1.1000 

1.7000 

-  - 

2.2312 

3.4483 

LC-4 

-  - 

-  - 

-  . 

LC-5 

1.5000 

1.8000 

3.0426 

3  6511 

.  . 

LC-6 

0.5200 

1.1000 

0.9400 

0.7800 

1.0548 

2.2312 

1.9067 

1.582 

LC-7 

- 

w  - 

LC-8 

-  - 

. . 

-  - 

LC-9 

1.0000 

-- 

2.0284 

LC-10 

LC-11 

-  - 

LC-12 

-  - 

-  - 

LC-13 

- . 

LC-14 

LC-15 

.  - 

. . 

. . 

(Continued) 


*  TBP  -  4  X  (sediment  contaminant  concentratlon/TOC)  x  organism  lipid 
fraction. 

**  FLUORAN  -  fluoranthene;  PYRENE  -  pyrene;  CHRYSE  «  chrysene;  BBEhUOR  - 
benzo(b] fluoranthene. 


Table  10  (Concluded) 


TBP  for  an  Organism  with  J%  TBP  lor  an  Organism  with  61 

_ _  _ LtPld** _ 


S-'  1  li! 

FLVOFAN 

PYKENE 

CHPYSE 

BBELICR 

FLVCRAN 

PY-RENE 

CMY5E 

BBFLUOR 

NVS ■  10 

.  - 

,  . 

NVS ■  1 1 

N-.'S  -  1? 

.  - 

*  • 

NVS  •  1  3 

NVS -14 

NVS ■ 1 3 

NVS  -  16 

CA  -  1 

*  . 

.  « 

CA-  2 

9.3383 

18.6770 

CA-2 

CA-4 

- 

CA-5 

• 

-  . 

.  - 

CA-6 

-- 

LC-1 

*  . 

LC-2 

.  * ** 

w  - 

.  . 

LC-3 

6.6937 

10.3448 

13.3874 

20.6897 

LC-4 

- 

. . 

-  - 

-  . 

-  . 

LC-5 

9,1278 

10,9533 

18.2556 

21.9067 

.  - 

LC-6 

3.1643 

6.6937 

5.7201 

4.7465 

6.3286 

13.3874 

11.4402 

9.4929 

LC-7 

-  w 

.  . 

. 

-  . 

LC-8 

.  - 

-  . 

LC-9 

6.0852 

12.1704 

•• 

LC- 10 

LC-11 

.  - 

.  . 

LC-12 

.  - 

-  - 

-  . 

.  . 

LC-13 

.  - 

.  . 

LC-14 

»  • 

.  . 

LC-15 

-  . 

*  - 

.  - 

-  . 

.  . 

*  TBP  -  U  X  (sediment  contaminant  concentration/TOC)  x  organism  lipid 
fraction . 

**  FLUORAN  -  fluoranthene;  PYRENE  ••  pyrene;  CHRYSE  -  chrysene;  BBFLUOR  - 
benzo 1 b ] fluoranthene , 


Analvte  mg/kz* 


Sediment 

-Si- 

Cv 

NVS  Yorktovm 

.055 

.819 

3.35 

CAX 

.064 

.656 

2.93 

NAVPHIBASE 

LCREEK 

Channel 

.066 

.588 

3.17 

NAVPHIBASE 

LCREEK 

Tributaries 

.074 

.793 

4.56 

Bay 

Reference 

.104 

.825 

4.87 

Ocean 

Reference 

.089 

.842 

4.93 

cr 

JSA— 

_£ii_ 

_Zll_ 

.426 

.029 

.413 

26.7 

.431 

,026 

.424 

28.4 

.410 

.032 

.383 

31.7 

.606** 

.038t 

.440 

32.7 

.734 

.035 

.523 

33.2 

.495 

.035 

.466 

40.3 

■*  The  value  given  is  the  mean  of  three  experimental  replicates. 

**  BioaccumulaCion  value  is  greater  than  that  for  clams  exposed  to  ocean 
reference  sediments. 

t  Although  the  bioaccumulation  value  is  greater  than  that  for  clams  exposed 
to  ocean  reference  sediments  or  bay  reference  sediments,  the  difference  is 
not  statistically  (t-test)  different. 


Table  12 


Statistical  Comparison  of  Bloaccuaulatlon  Values  From  che 
Test  Sites  With  Reference  Sites 


Analyte 

Reference  Site** 

Cd 

.0647 

.0965 

.05 

Cr 

.7140 

.8335 

NS 

Cu 

3.5033 

4.9000 

NS 

Pb 

.4540 

.6145 

.05 

Hg 

.0313 

.0350 

NS 

N1 

.4150 

.4945 

.01 

Zn 

29.8750 

36.7800 

NS 

*  The  mean  of  all  the  test  site  bioaccunulation  values. 

**  The  mean  of  all  the  reference  site  bloaccumulatlon  values, 
t  In  every  case  the  mean  bloaccumulatlon  value  for  all  test  sites  was  lower 
than  the  mean  bloaccumulatlon  value  for  the  reference  sites.  A  paired, 
one-tailed  t-test  was  performed  to  examine  the  significance  of  this  differ¬ 
ence  between  the  means.  This  column  gives  the  result  of  that  test.  The 
differences  were  either  NS  (not  significantly  different)  or  significantly 
lower  at  the  r*  level  given  In  this  col'imn. 


EXil 


Maxlroua  Ci 


LS-Qver-EaSlre  Crl4  After  Initial  Mixing,  m^/i 


Site 

NWS  Yorktown/CAX 

NAVPHIBASE  LCREEK  Tributaries 

Dam  Neck 

1 

1 

Norfolk 

<1 

<l 

Thimble  Shoal 

38 

33 

Naval  Channel 

201 

188 

York  River 

59 

60 

Wolf  Trap  Alternate 

70 

65 

Rappahannock  Shoal 
Alternate 

79 

42 

Maxlmma  Concentrations  Outside  Site  Boundary  ac  Any  Time,  mg/i 


Site 

Dam  Neck 

3 

3 

Norfolk 

2 

2 

Thimble  Shoal 

97 

83 

Naval  Channel 

1,138 

106 

York  River 

53 

290 

Wolf  Trap  Alternate 

7 

6 

Rappahannock  Shoal 
Alternate 

65 

57 

Table  14 


M3xirE\ua  Observed  Plume  Cpncentrations  of  Fluid  Phase.  Percent 


M.ixi'r;ujn  Concentrations  Over  Entire  Grid  After  Initial  Mixing:.  Percent 


Site 

NWS  Yorktown/CAX 

NAVPHIBASE  LCREEK  Tributaries 

Dam  Neck 

<.001 

<.001 

Norfolk 

<•001 

<.001 

Thimble  Shoal 

.056 

.056 

Naval  Channel 

.061 

.061 

York  River 

.031 

.031 

Wolf  Trap  Alternate 

.030 

.030 

Rappahannock  Shoal 
Alternate 

.029 

.030 

Maxlaun  goncentraclons  Oucside  Site  Boundary  at  Anv  Time.  Percent 


Site 

NWS  Yorktovn/CAX 

NAVPHIBASE  LCREEK  Tributaries 

Dam  Neck 

<.001 

<.001 

Norfolk 

.0013 

.0013 

Thimble  Shoal 

.129 

.130 

Naval  Channel 

.313 

.313 

York  River 

.137 

.143 

Wolf  Trap  Alternate 

.0036 

.0035 

Rappahannock  Shoal 
Alternate 

.024 

.0023 

Location 

Actual  Grain 
Size,  D^q,  mm 

Simulation  Crain 
Size,  mm 

Volume  to  be 
Dredged 
cu  vd/50  vears 

CXA. 

0.006 

0.0625 

300 . 000 

NWS  Yorktown 

0.008 

0.0625 

1,400,000 

NAVPHIBASE  LCREEK 
(Tributaries) 

0.140 

0.1400 

1,680,000 

NAVPHIBASE  LCREEK 
(Channel) 

0.200 

0.2000 

LS0iL.C>PQ 

TOTAL 

4,880,000 

Table  16 

Areas  and^il^drodynaaic  Characteristics  of  Seven 
ProJosed_Dre.4£ed  Haterlal  Disposal  Sites 


Tentative 
Disposal  Site 
Area,  so  mi 

Norfolk 

65.0 

Dam  Neck 

10.0 

Thimble  Shoal 

1.0 

Naval  Channel 

1.4 

York  River 

1.0 

Wolf  Trap 

8.0 

Rappahannock 

5.0 

Computational 
Disposal  Site 
,  Ar?ft*-Sq  ffl, 
1.0 
1.0 
1.0 
1.0 


1.0 

1.0 

1.0 


L<?p&-Tgra 


Tidal 


Tide 


Amplitude , 

_ _ 

1.7 

1.7 

1.3 

1.3 

1.3 

0.8 

0.6 


Velocity 
Amplitude , 

_ fiZaas _ 

2.0 

0.4 

2.1 

1.7 

1.4 

1.5 

1.8 


Residual 

Velocity, 

ft/aec . 

0.20 

0.20 

0.20 

0.20 


0.15 

0.15 

0.15 


Table  17 


Relative  Movement  of  Disposal  Mound  Centroids  bv  Analogous 
Hvdrod-niamlc  Forces.  Seven  Potential  Disposal  Sites 
With  Four  Disposed  Materials  Each 


Disposal  Site/Dredged  Material 


Centroid 
Movement 
After  3-Month 
Long- term 
Simulation,  ft 


Centroid 
Movement 
After  48-hr 
Northeaster  Storm 
Simulation 


Norfolk/NWS  Yorktown  1,350  174 
Norfolk/CAX  1,350  174 
Norfolk/NAVPHIBASE  LCREEK  Tributaries  99  99 
Norfolk/NAVPHIBASE  LCREEK  Channel  64  41 

Dam  Neck/NWS  Yorktown  0  388 
Dam  Neck/CAX  0  388 
Dam  Neck/NAVPHIBASE  LCREEK  Tributaries  0  43 
Dam  Neck/NAVPHIBASE  LCREEK  Channel  0  25 

Thimble  Shoal/NWS  Yorkto%m  *  * 
Thimble  Shoal/CAX  *  * 
Thimble  Shoal/NAVPHIBASE  LCREEK 

Tributaries  1,626  366 
Thimble  Shoal/NAVPHIBASE  LCREEK  Channel  724  334 

Naval  Channel/NWS  Yorktown  2,974  228 
Naval  Channel/CAX  2,975  228 
Naval  Channel/NAVPHIBASE  LCREEK 

Tributaries  189  208 
Naval  Channel/NAVPHIBASE  LCREEK  Channel  110  98 

York  Rlver/NWS  Yorktown  43  113 
York  Rlver/CAX  43  113 
York  River/NAVPHIBASE  LCREEK 

Tributaries  9  59 
York  River/NAVPHIBASE  LCREEK  Channel  7  27 

Wolftrap/NWS  Yorktown  272  235 
Wolftrap/CAX  272  235 
Wolftrap/NAVPHIBASE  LCREEK  Tributaries  32  125 
Volftrap/NAVPHIBASE  LCREEK  Channel  24  52 

Rappahannock/NWS  Yorktown  1,494  218 
Rappahannock/CAX  1,494  218 
Rappahannock/NAVPHIBASE  LCREEK 

Tributaries  93  162 
RaBPahannock/NAVPHIBASE  LCREEK  Channel _ 55 _ Zfi. 


■*  The  hydrod/namlc  and  sedimentary  conditions  for  these  scenarios  are  beyond 
the  range  of  applicability  of  the  numerical  simulation  model. 


Table  18 


Relative  Dispersiveness  of  Four  Dredged  Macerlals  Placed 
at  Seven  Potential  Disposal  Sites 


Moderately 

Disposal  Site/Dcedg.ed  Material  Dispersive  Dispersive  Non-Dlspersive 

Norfolk/NUS  Yorktovm  X 

Norfolk/CAX  X 

Norfolk/NAVPHIBASE  LCREEK 
Tributaries 

Norfolk/NAVPHIBASE  LCREEK  Channel 

Dam  Neck/NUS  Yorktown 
Dam  Neck/CAX 

Dam  Neck/NAVPHIBASE  LCREEK 
Tributaries 

Dam  Neck/NAVPHIBASE  LCREEK 
Channe 1 


Thimble  Shoal/NWS  Yorktown  X 

Thimble  Shoal/CAX  X 

Thimble  Shoal/NAVPHIBASE  LCREEK 

Tributaries  X 

Thimble  Shoal/NAVPHIBASE  LCREEK 

Channel  X 

Naval  Channe 1/NUS  Yorktown  X 

Naval  Channel/CAX  X 

Naval  Channel/NAVPHIBASE  LCREEK 
Tributaries 

Naval  Channel/NAVPHIBASE  LCREEK 

Channel  X 


York  Rlver/NUS  Yorktown 
York  River/CAX 

York  Rlver/NAVPHIBASE  LCREEK 
Tributaries 

York  Rlver/NAVPHIBASE  LCREEK 
Channel 

Wolftrap/NWS  Yorktown 
Wolftrap/CAX 

Wolftrap/NAVPHIBASE  LCREEK 
Tributaries 

Wolftrap/NAVPHIBASE  LCREEK  Channel 

Rappahannock/NWS  Yorktown 
Rappahannock/CAX 
Rappahannock/NAVPHIBASE  LCREEK 
Tributaries 

Rappahannock/NAVPHIBASE  LCREEK 
_ Channel _ _ 


X 

X 


X 
X 

X 

_ X 


xxxxxx  xxxx  XX 


Table  20 


Feasibility  Summary  for  Onen-Wacer  Disposal  Options* 


PredEed  Material 


Site/Criteria 

NWS 

CAX 

NAVPHIBASE 

LCREEK 

Tributaries 

NAVPHIBASE 

LCREEK 

Channel 

Dam  Neck 

Environmental 

Water  column  toxicity 

+ 

+ 

+ 

Benthic  toxicity 

+ 

■f 

+ 

Bioaccumulation 

+ 

+ 

+ 

Engineering 

+ 

+ 

-f 

+ 

Economic 

+ 

+ 

+ 

+ 

Overall  Feasibility 

P 

P 

P 

P 

Norfolk 

Environmental 

Water  column  toxicity 

+ 

+ 

+ 

Benthic  toxicity 

+ 

+ 

+ 

Bioaccumulation 

+ 

+ 

+ 

+ 

Engineering 

+ 

+ 

+ 

Economic 

+ 

+ 

+ 

+ 

Overall  Feasibility 

P 

P 

P 

P 

Thimble  Shoal 

Environmental 

Water  column  toxicity 

+ 

+ 

+ 

+ 

Benthic  toxicity 

+ 

+ 

+ 

Bioaccumulation 

+ 

+ 

+ 

Physical  Impacts 

+ 

-f 

+ 

+ 

Mound  stability 

- 

- 

- 

- 

Engineering 

+ 

+ 

Economic 

+ 

+ 

+ 

+ 

Overall  Feasibility 

N 

N 

N 

N 

(Continued) 


*  +  Indicates  the  site  Is  practicable  as  determined  by  criterion. 

-  indicates  the  site  is  not  practicable  as  determined  by  criterion. 

P  indicates  the  option  is  practicable  overall  considering  all  criteria. 

N  indicates  the  option  is  not  practicable  overall  considering  all  criteria. 
It  should  be  noted  that  the  designation  of  practicable  does  not  indicate 
that  the  use  of  a  particular  site  for  a  specific  future  dredging  project 
would  be  acceptable.  Acceptability  of  disposal  of  a  specific  material  at  a 
specific  site  would  still  require  a  permit  evaluation  with  appropriate  test¬ 
ing  and  assessments. 


Table  20  (Concluded) 


Dredped  Material _ 

NAVPHIBASE  NaVPHIBASE 

LCREEK  LCREEK 


Sice/Cricerla 

NWS 

CAX 

Tributaries 

Channel 

Naval  Channt 1 

Environmental 

Water  column  toxicity 

+ 

+ 

4 

4 

Benthic  toxicity 

+ 

4- 

4- 

4 

Bioaccufflulation 

+ 

+ 

4- 

4 

Physical  impacts 

+ 

4- 

4- 

4 

Mound  stability 

- 

- 

4- 

4 

Engineering 

+ 

4- 

4- 

4 

Economic 

+ 

+ 

+ 

4 

Overall  Feasibility 

N 

N 

P 

P 

York  River 

Environmental 

Water  column  toxicity 

-f 

+ 

4- 

4 

Benthic  toxicity 

■f 

+ 

4 

4 

Bioaccumulatlon 

+ 

+ 

4 

4 

Physical  impacts 

+ 

+ 

4 

4 

Engineering 

-f 

+ 

4 

4 

Ecoiiomlc 

+ 

+ 

4 

4 

Overall  Feasibility 

P 

p 

P 

P 

Wolf  Trap  Alternate 

Environmental 

Water  column  toxicity 

+ 

4 

4 

Benthic  toxicity 

+ 

4- 

4 

4 

Bioaccumulatlon 

4- 

4 

4 

Physical  impacts 

+ 

4- 

4 

4 

Mound  stability 

•f 

4- 

4 

4 

Engineering 

4- 

+ 

4 

4 

Economic 

4- 

4- 

4 

4 

Overall  Feasibility 

P 

P 

P 

P 

Rappahannock  Shoal  Alternate 

Environmental 

Water  column  toxicity 

4- 

4- 

4 

4 

Benthic  toxicity 

4- 

4- 

4 

4 

Bioaccumulatlon 

4- 

4- 

4 

4 

Physical  Impacts 

4- 

+ 

4 

4 

Mound  stability 

- 

- 

4 

4 

Engineering 

4- 

4- 

4 

4 

Economic 

4- 

4 

4 

4 

Overall  Feasibility 

N 

N 

P 

P 

_ site _ 

HWS  Yorktown  _ NAVPHIBASE  LCREEK 


Parameter 

Magazine 

13/14 

Forest 

Pier  60/ 

New  Magazine 

Pumping 
distance,  mi 

4.2 

1,5-3 

0.1 

0,2 

0.4 

Static 
head,  ft 

50/60 

40 

15 

18 

10 

Total 

area,  acres 

27 

18 

10 

14 

20 

Maximum  ponding 
area,  acres 

8/5 

; 

6 

9 

5 

Ponding 

0-40/2-5 

2-5 

2-5 

2-5 

2- 

Depth,  ft 


Table  22 


Modified  Elutriate  Concentrations  tn  rog/i 


Sample  S'^ation 

Arsenic 

Cadmluni 

Chromium 

Coooer 

Lead 

Silysi 

2ln.£,- 

NAVPHIBASE  LCREEK 
Channel 

X 

0.0001 

* 

it 

0.004 

* 

it 

NAVPHIBASE  LCREEK 
Tributaries 

0.016 

0.0004 

0.006 

0.020 

0,007 

0.002 

0.016 

CAX 

0.028 

0.0001 

* 

0.006 

0.004 

★ 

* 

NWS  Yorktown 

0.020 

* 

0.00. 

★ 

0.005 

* 

* 

Federal  Acute 
Marine  Criteria 

* 

0.0590 

1.260 

0.023 

* 

★ 

0.170 

Indicates  concentration  below  detection  limit. 


ated  D 


Little 

Creek  Sites 

H  Mill  III 

pnffiSH 

■H/XG/Pier  60 

Beach 

Site 

Landf i 1 i 
Site 

MAG  13/14 
Sice 

Forest 

Site.. 

N'«S 

Yorktown 
(20,000  CY) 

$940 

$47 

$800 

$40 

CAX 

(3,000  CY) 

$795 

$265 

$735 

$245 

NAVPl'.IBASE 
LCREEK 
Tributaries 
(30,000  CY) 

$514 

$17 

$603 

$20.01 

$603 
$20  01 

*  Costs  Include  construction  of  confined  disposal  areas.  First  entry  is 
total  estimated  cost  in  $1,000,  Second  entry  is  unit  cost  in  $/cubic  yard. 


Table  24 


NAVPHIBASE 

LCREEK 


NAVPHIBASE 

LCREEK 


N»S  Yorktown  Magazine  13/14 
Environmental 

Impacts  to  wetlands  + 

Effluent  quality  + 

Engineering 

Operational  suitability  + 

Ponded  area  + 

Total  volume  + 

Dike  construction  + 

Land  use  compatibility  + 

Economic  + 

Overall  Feasibility  P 


+  *  * 

■¥  ■¥  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  + 

+  - 

P  N  N 


NVS  Y’orktown  Forest 
Environmental 


Impacts  to  wetlands 

+ 

+ 

■f 

+ 

Effluent  quality 

+ 

■f 

+ 

+ 

Engineering 

Operational  suitability 

+ 

+ 

+ 

+ 

Ponded  area 

+ 

+ 

+ 

Total  volume 

+ 

+ 

+ 

+ 

Dike  construction 

+ 

+ 

+ 

•f 

Land  use  compatibility 

+ 

+ 

+ 

Economic 

+ 

+ 

- 

- 

Overall  Feasibility 

P 

P 

N 

N 

NAVPHIBASE  LCREEK  jesert 
Little  Creek  Cove 
Engl neering 

Land  use  compatibility  ... 

Overall  Feasibility  N  N  N  N 

(Continued) 


*  +  indicates  the  site  is  practicable  as  determined  by  criterion. 

-  indicates  the  site  is  not  practicable  as  determined  by  criterion. 

P  indicates  the  option  is  practicable  overall  considering  all  criteria. 

N  indicates  the  option  is  not  practicable  overall  considering  all  criteria. 
It  should  be  noted  chat  the  designation  of  practicable  does  not  indicate 
that  the  use  of  a  particular  site  for  a  specific  future  dredging  project 
would  be  acceptable.  Acceptability  of  disposal  of  a  specific  material  at  a 
specific  site  would  still  require  a  permit  evaluation  with  appropriate  test¬ 
ing  and  assessments. 


(Sheet  1  of  3) 


Table  24 


Dredged  Material 


.  Site/Crlteria 

h’VS 

CAX 

NAVPHIBASE 

LCREEK 

Tributaries 

NAVPHIBASE 
LCREEK 
Channel _ 

NAVPHIBASE  LCREEK  Rifle 

Range 

Engineering 

Land  use  compatibility 

- 

- 

- 

- 

Overall  Feasibility 

N 

N 

N 

N 

NAVI PHASE  LCREEK  Pier  60/ 

New  Magazine 

Environmental 

Impacts  to  wetlands 

+ 

+ 

■f 

Effluent  quality 

+ 

■f 

4- 

Engineering 

Operational  suitability 

+ 

4- 

Ponded  area 

+ 

+ 

+ 

Total  volume 

+ 

+ 

Dike  construction 

+ 

+ 

+ 

+ 

Land  use  compatibility 

+ 

+ 

Economic 

• 

- 

+ 

+• 

Overall  Feasibility 

N 

N 

P 

p 

NAVPHIBASE  LCREEK  Landfill 

Environmental 

Impacts  to  wetlands 

+ 

+ 

Effluent  quality 

+ 

+ 

Engineering 

Operational  suitability 

•f 

•f 

Ponded  area 

•f 

+ 

+ 

+ 

Total  volume 

+ 

Dike  construction 

+ 

+ 

+ 

+ 

Land  use  compatibility* 

- 

- 

- 

- 

Economic 

- 

- 

+ 

+ 

Overall  Feasibility 

N 

N 

N 

N 

(Continued) 


*  During  the  review  process  for  this  report,  envlrorjuental  Issues  associated 
with  Installation  Restoration  were  investigated  at  the  Landfill  and  Beach 
Drive  sites.  These  sites  will  not  be  available  for  CDF  construction  until 
these  issues  are  resolved.  The  data  developed  for  CDF  evaluation.'  at  these 
sites  have  been  retained  in  this  report. 


(Sheet  2  of  3) 


Table  24  (Concluded) 


Dredfged  Material 


NAVPHIBASE 

FAVPHIBASE 

LCREEK 

LCREEK 

_ g.Ltg/C£,itexlg _ 

_  ijws 

CAX  Tributaries 

,  Cb.annei _ 

NAVPHIBASE  LCREEK  Beach 
Drive 

Environmental 


Imps'*  ;s  to  wetlands 

+ 

+ 

•f 

Eff’  .ent  quality 

+ 

•f 

+ 

♦ 

Engineering 

Operational  suitability 

■f 

+ 

Ponded  area 

+ 

-1- 

•f 

+ 

Total  volume 

+ 

-f 

+ 

+ 

Dike  construction 

+ 

+ 

Land  use  compatibility* 

- 

- 

- 

Economic 

- 

- 

+ 

+ 

Overall  Feasibility 

N 

N 

N 

N 

*  During  the  review  process  for  this  report,  environmental  Issues  associated 
with  Installation  Restoration  were  investigated  at  the  Landfill  and  Beach 
Drive  sites.  These  sites  will  not  be  available  for  CDF  construction  until 
these  issues  are  resolved.  The  data  developed  for  CDF  evaluations  at  these 
sites  have  been  retained  In  this  report. 
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Table  25 


Feasibility  Su.Tjnarv  for  Beneficial  Use  Options* 


Dredffed  Material 


Slte/Criteria 

ws 

CAX 

NAVPHIBASE 

LCREEK 

Tributaries 

NAVPHIBASE 

LCREEK 

Channel 

CAX  Shoreline  Protection 
Environmental 

Contaminant  release 

+ 

+ 

Engineering 

Like  on  like 

. 

4- 

Grain  size 

- 

- 

- 

-f 

Economic 

+ 

■f 

+ 

+ 

Overall  Feasibility 

N 

N 

N 

P 

NAVPHIBaSE  LCREEK  Beach 
Nourishment 

Environmental 

Contaminant  release 

+ 

+ 

+ 

+ 

Engineering 

Like  on  like 

+ 

Grain  size 

- 

* 

. 

+ 

Economic 

+ 

-f 

•f 

+ 

Overall  Feasibility 

N 

N 

P 

*  +  Indicates  the  site  Is  practicable  as  determined  by  criterion. 

•  indicates  the  site  is  not  practicable  as  determined  by  criterion, 

P  indicates  the  option  is  practicable  overall  considering  all  criteria. 

N  indicates  the  option  is  not  practicable  overall  considering  all  criteria. 
It  should  be  noted  that  the  designation  of  practicable  does  not  indicate 
that  the  use  of  a  particular  site  for  a  specific  future  dredging  project 
would  be  acceptable.  Acceptability  of  disposal  of  a  specific  material  at  a 
specific  site  would  still  require  a  permit  evaluation  with  appropriate  test¬ 
ing  and  assessments. 
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Figure  1.  Locations  of  Naval  Weapons  Station,  Yorktown;  Naval 
Supply  Center,  Cheatham  Annex;  Naval  Amphibious  Base,  Little 
Creek,  and  open-water  disposal  sites 


Figure  2.  Phases  of  the  Long- tern 
Management  Strategy  process 
(Francingues  and  Mathis  1990) 


Figure  3.  Naval  Weapons  Station,  Yorktown,  and 
possible  confined  disposal  facilities 
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Figure  4,  Navel  Supply  Center,  Cheatham  Annex 
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Figure  5.  Naval  Amphibious  Base,  Little  Creek,  and  possible 
confined  disposal  facilities 
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Weapons  Station,  Yorktown 
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Figure  7.  Sample  locations  for  Naval 
Supply  Center,  Cheatham  Annex 


Figure  9.  Additional  sample  locations  for  Naval 
Amphibious  Base,  Little  Creek 
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Figure  14.  Plan  of  Thlable  Shoal  site 
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Figure  15.  Plan  of  Naval  Channel  site 
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Figure  19.  Schematic  of  flow-through  aquatic 
toxicology  exposure  system 
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Figure  20.  Model  results  for  NWS  YorkCown  sediment  placed  at  Naval  Channel 
site,  showing  total  thickness  of  accumulated  material  in  feet  on  the  bottom 

for  one  barge  load 
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Figure  21.  Model  results  for  NWS  Yorktown  material  placed  at  Naval  Channel 
site,  showing  plume  concentrations  in  cubic  feet  of  clay-silt  per  i.ublc 
foot  of  water  at  mid-depth  after  1-hr  initial  mixing  period 
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Figure  22 .  Sediment  transport-velocity  relationship 
for  Djg  •  0.0625  ma 
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Figure  23  Sediment  transport -velocity  relationship 
for  Djo  -  0.140  mm 
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Figure  24.  Sediaenc  transport-velocity  relationships  for 

Djq  -  0.200  OB 


Figure  25.  Example  (Naval  Channel)  Idealized 
disposal  mound  perspective  view 


Figure  26.  Example  (Naval  Channel)  Idealized 
disposal  mound  contour  map 
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Figure  29.  Long-Cerai  simulation  mound  centerline 
axis  migration  for  3-month  time-history  at  example 
(Naval  Channel)  disposal  site  with  material  from 
either  Naval  Weapons  Station  or  Naval  Supply 

Center 


Figure  33.  Plan  of  Landfill  site 


Figure  34.  Plan  of  Beach  Drive  sice 
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Figure  35.  Compression  settling  test  results  for  NWS 

Yorktown/CAX 
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Figure  36,  Compression  .settling  test  results  for 
NAVPHIBASE  LCREEK 
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Figure  39.  Flocculent  settling  test  results  for  NWS  Yorktovn/CAX 
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Figure  40.  Flocculent  settling  test  results  for  NAVPHIBASE 

LCREEK 


Figure  41.  Effect  of  ponded  depth  and  average 
withdrawal  depth  on  effluent  suspended  solids 
for  WS  Yorktown/CAX 


Figure  42.  Effect  of  ponded  depth  and  average 
withdrawal  depth  on  effluent  suspended  solids 
for  NAVPHIBASE  LCREEK 
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Figure  45.  Void  ratio-effective  stress  relatlottship  for 


NAVPHIBASE  LCREEK  sediment 
e  -  log  K 
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Figure  46.  Void  ratio-permeability  relationship  for 
NAVPHIBASE  LCREEK  sediment 
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Figure  47.  Fill  height  versus  time  for  NWS  Yorktown  Forest  site 
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Figure  48.  Fill  height  versus  time  for  NAVPHIBASE  LCREEK 

Beach  Drive  site 


APPENDIX  A; 

EQUILIBRIUM  PARTITIONING  ESTIMATES  FOR  CDF  PORE  WATER  QUA! 


1.  An  assessment  of  the  potential  for  movement  of  contaminants  as 
leachate  into  groundwater  below  confined  disposal  facilities  (CDFs)  was  made 
based  on  conservative  equilibrium  partitioning  principles.  This  evaluation 
indicates  a  worst -case  potential  for  contaminant  movement  into  leachate. 

2.  For  this  evaluation,  it  is  assumed  that  dredged  material  has  been 
placed  in  a  CDF,  pore  water  seepage  transports  contaminants  from  the  dredged 
material  solids  to  foundation  soils  beneath  the  CDF,  and  the  dredged  material 
is  anaerobic.  Needs  for  leachate  tests  were  evaluated  by  comparing  estimated 
pore  water  contaminant  concentrations  to  available  drinking  water  limits.  In 
the  following  paragraphs,  the  theoretical  basis  for  estimating  contaminant 
pore  water  concentrations,  the  information  used  to  make  the  estimates,  dis- 
cussif'n  of  results,  and  r jron'mendetions  for  additional  testing  are  presented. 

Ib£gry 

3.  Equilibrium  partitioning  was  the  theoretical  basis  for  estimating 
contaminant  concentrations  in  pore  water.  Application  of  this  theory  to 
dredged  material  is  described  by  Hill,  Myers,  and  Brannon  (1988).*  The  equi¬ 
librium  assumption  is  valid  when  the  seepage  velocity  is  slow  relative  to  the 
rate  at  which  contaminants  desorb  from  dredged  material  solids.  This  is  a 
realistic  assumption  because  seepage  velocities  for  fine-grained  dredged  mate¬ 
rial  are  usually  very  low  due  to  low  hydraulic  conductivity.  Even  when  pore 
water  velocities  are  too  high  for  the  equilibrium  assumption  to  be  valid, 
estimates  of  pore  water  contaminant  concentrations  based  on  the  equilibrium 
assumption  are  conservative;  t.:.at  is,  they  overestimate  pore  water  contaminant 
concentrations . 

4.  When  contaminant  concentrations  are  low,  as  Is  the  case  for  the 
sediments  evaluated  in  this  report,  linear  desorption  can  be  assumed.  Linear- 
equilibrium  desorption  is  described  by  the  following  equation: 


*  See  References  at  the  end  of  the  main  text. 
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c.  “  K.,  C, 


(1) 


where  C,  is  the  equlllbriun  contaminant  concentration  in  the  dredged 
material  solids  (mg/kg) ,  C,  is  the  equilibrium  contaminant  concentration  in 
the  pore  water  (mg/i),  and  Kj  is  the  distribution  coefficient  (i/kg).  To 
calculate  pore  water  organic  contaminant  concentration  given  a  sediment  con¬ 
taminant  concentration  equation,  Equation  1  is  rearranged  to  yield 


(2) 


5.  The  distribution  coefficient  in  Equations  1  and  2  is  a  contaminant- 
and  sediment-specific  constant  that  describes  the  distribution  of  contaminant 
between  dredged  material  solids  and  pore  water  at  equilibrium.  For  organic 
contaminants,  can  be  estimated  by  the  following  equation  (Karlckhoff 

1981) 

Ka  -  foe  K,c  (3) 


where  f^^  is  the  fraction  organic  carbon  in  the  sediment  solids  and  is 

the  organic  carbon  partition  coefficient.  is  a  contaminant-specific  con¬ 

stant  for  which  there  are  a  number  of  empirical  relationships  available  for 
predicting  on  the  basis  of  solubility  or  octanol-water  partition  coeffi¬ 

cient  (Lyman,  Reehl,  and  Rosenblatt  1990). 

6.  The  theoretical  and  experimental  basis  for  estimating  metal  pore 
water  concentrations  is  not  as  well  developed  as  that  for  organic  contami¬ 
nants.  The  basic  approach  for  metals  is  the  same  as  the  approach  for  organic 
contaminants  except  that  Equations  1  and  2  as  stated  are  not  applicable  to 
metals.  Equations  1  and  2  are  not  applicable  because  the  total  metal  concen¬ 
tration  in  the  dredged  material  solids  is  not  leachable.  A  significant  frac¬ 
tion  of  the  total  metal  concentration  in  sediments  is  in  geochemical  phases 
that  are  not  mobilized  by  aqueous  extraction  (Brannon  et  al.  1976;  Steneker, 
Van  Der  Sloot,  and  Das  1988). 
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7.  Modification  of  equations  1  and  2  for  the  leachable  metal  concentra¬ 
tion  provides  a  nechcd  for  estimation  of  pore  water  metal  concentrations. 
Assuming  equilibrium  theory  applies,  the  distribution  of  leachable  metal 
between  the  solid  and  aqueous  phases  at  equilibrium  is  given  by 

C.i  “  K,  C.  (4) 

where  C,j  is  the  leachable  metal  concentration  in  the  dredged  material 
solids  (mg/kg).  To  calculate  a  pore  water  metal  contaminant  concentration 
given  a  sediment  contaminant  concentration,  Equation  4  is  rearranged  to  yield 


8.  Empirical  relationships  for  estimating  and  Kj  for  metals  are 

not  available.  These  paracc’’ers  are  sediment-specific,  as  well  as  metal- 
specific).  They  are  affected  by  a  variety  of  factors  including  oxidation- 
reduction  potential,  pH,  and  organic  carbon,  sulfur,  iron,  and  salt  contents 
of  the  sediment.  For  these  reasons,  kj  and  are  difficult  to  estimate 

a  priori.  Information  from  anaerobic  sequential  batch  leach  tests  conducted 
on  sediments  similar  to  the  sediments  of  interest  in  this  study  (estuarine 
sediments)  were  used  to  estimate  a  range  of  leachable  metal  concentrations  and 
a  range  of  distribution  coefficients  for  metals. 

Calculations  for  organics 

9.  Distribution  coefficients  for  each  organic  contaminant  were  esti¬ 
mated  with  Equation  3  using  values  of  as  given  in  Mercer,  Sklpp,  and 

Griffin  (1990)  (Table  Al)  and  f^^  data  provided  by  bulk  sediment  analysis 
(Table  A2) .  However,  values  were  not  available  in  Mercer,  Sklpp,  and 

Griffin  (1990)  for  all  organic  contaminants  of  Interest.  values  not 

given  in  Mercer,  Sklpp,  and  Griffin  (1990)  were  estimated  using  empirical 
relationships  from  the  literature.  For  endosulfan  sulfate  and  endrin, 
values  were  estimated  using  Equation  6  (Chlou,  Porter,  and  Schmeddllng  1933) 
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log  K,,,  -  0.904  log  -  0.77  9 


(6) 


where  Is  the  octanol-water  partition  coefficient.  for  Aroclor  1260 

was  estimated  using  Karickhoff's  (1981)  equation 

-  0.411  (7) 

values  from  Mercer,  Skipp ,  and  Griffin  (1990)  were  used  in  Equations  6 
and  7.  for  endrln  aldehyde  was  estimated  using  Equation  8  (Chlou,  Por¬ 

ter,  and  Schmeddling  1983) 

log  •  -  0.729  log  S  ♦  0.001  (8) 


where  S  is  the  solubility  in  water  (molas/i).  Solubility  of  endrin  aldehyde 
was  estimated  using  the  method  of  Irmann  (Lyman,  Reehl,  and  Rosenblatt  1990). 

10.  Values  of  Kj  (calculated  by  Equation  3)  and  estimated  pore  water 
concentrations  (calculated  by  Equation  2)  for  each  organic  contaminant  are 
listed  in  Tables  A3,  A4.  and  A5  for  the  NWS,  CA,  and  LC  sediments,  respec¬ 
tively.  Available  drinking  water  limits  are  also  listed  in  Tables  A3,  A4,  and 
A5  for  comparison.  Tables  A3,  A4,  and  A5  were  prepared  using  average  sediment 
contaminant  concentrations  (Table  A2).  The  averaging  used  to  obtain  the  bulk 
sediment  concentrations  in  Table  A2  did  not  Include  values  below  the  detection 
limit.  The  data  in  Table  A2 ,  therefore,  overestimate  true  averages  for  data 
sets  which  Include  values  below  the  detection  limit.  Although  this  method  of 
averaging  is  conservative,  it  provides  a  margin  of  safety  for  estimations 
involving  sparse  data  sets. 

11.  No  partition  coefficient  data  were  available  for  cyanide.  Cyanide 
can  exist  as  the  cyanide  Ion,  as  simple  cyanide  compounds,  and  as  complex 
cyanides.  Many  simple  metal  cyanides  have  low  solubilities,  but  they  form  a 
variety  of  highly  soluble,  complex  metal  cyanides  in  the  presence  of  alkali 
cyanides.  Pore  water  cyanide  concentrations  were  not  estimated  because  the 
total  cyanide  analysis  available  does  not  provide  sufficient  basis  for  esti¬ 
mating  pore  water  concentration. 
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Calculations  for  metals 

12.  Estimated  pore  water  metal  concentrations  are  shown  in  Figures  A1 

through  All.  Drinking  water  limits  for  metals  where  available  are  also  shown 
for  comparison.  Ranges  of  estimated  metal  pore  water  concentrations  are  pre¬ 
sented  instead  of  single  estimates  because  many  factors  influence  C,i  and 
chat  cannot  be  accounted  for  without  laboratory  testing.  The  concentration 
envelopes  presented  in  Figures  Al  through  All  are  based  on  best  estimates  of 
values  that  C,j  and  might  take  on  for  the  Navy  sediments.  The  concen¬ 

tration  envelopes  are  conservative;  that  is,  they  tend  to  overestimate  metal 
pore  water  concentrations.  Pore  water  metal  concentrations  may  be  lower  than 
indicated  in  Figures  Al  through  All,  but  the  -  3  2/kg  line  represents 
maximum  values  that  can  reasonably  be  expected.  The  concentration  envelopes 
are  conservative  since,  as  discussed  in  the  following  paragraphs,  the  range  in 
leachable  fraction  encompasses  the  upper  end  of  the  available  data  estuarine 
sediment.s  and  the  range  in  distribution  coefficients  encompasses  the  lower  end 
of  the  available  data  on  estuarine  sediments. 

13.  Data  from  Brannon  et  al.  (1976),  Steneker,  Van  Der  Sloot,  and  Das 
(1933),  Myers  and  Brannon  (1988),  and  Palermo  et  al .  (1989)  on  leachable  metal 
fractions  in  five  estuarine  sediments  are  presented  in  Table  A6.  As  Indicated 
in  Table  A6 ,  the  approximate  percentage  of  the  total  cadmium,  chromium,  cop¬ 
per,  nickel,  and  lead  in  the  sediments  investigated  in  these  studies  that  was 
leachable  ranged  from  0.5  to  5.0.  The  approximate  p -rcentage  of  the  total 
arsenic  in  the  sediments  investigated  In  these  studies  that  was  leachable 
ranged  from  0.5  to  10.0.  The  approximate  percentage  of  the  total  zinc  inves¬ 
tigated  in  these  studies  that  was  leachable  ranged  from  1  to  15.  The  above 
ranges  in  leachable  metal  fractions  were  used  to  estimate  ranges  of  C,j  for 
each  metal  in  the  NWS,  CA,  and  LC  sediments.  The  leachable  concentration  is 
given  by  multiplying  the  total  metal  concentration  by  the  percent  leachable 
divided  by  100, 

14.  Data  on  leachable  fractions  for  beryllium,  mercury,  silver,  and 
thallium  were  not  available.  Mercury  was  investigated  by  Palermo  et  al. 

(1989;,  but  detectable  amounts  did  not  leach  in  sequential  batch  tests.  Other 
.studies  have  also  shown  that  very  little  of  the  bulk  mercury  concentration  in 
sediments  is  mobile  (Brannon,  Plumb,  and  Smith  1980).  The  leachable  fractions 
for  beryllium,  mercury,  silver,  and  thallium  were  estimated  to  range  from  0,1 

3  1.0  percent.  This  estimate  is  based  primarily  on  Judgement. 
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15.  Distribution  coefficients  are  also  needed  to  estimate  pore  water 
metal  concentrations.  Conservative  estimates  are  obtained  when  high  values  of 

are  avoided:  that  is,  the  lower  end  of  the  range  in  expected  values 

is  used.  Anaerobic  sequential  batch  leach  data  from  Palermo  et  al.  (1989)  and 
Myers  and  Brannon  (1988)  were  ra-analyzed  and  distribution  coefficients  corre¬ 
sponding  to  ma.<lmuni  metal  concentrations  in  leachate  samples  were  calculated, 
Kji  values  ranged  from  5  to  90  i/kg,  depending  on  the  metal  and  the  sediment. 
The  range  of  values  selected  for  conservative  estimation  of  metal  pore 

water  concentrations  was  3  <  <  10  i/kg.  This  range  of  values,  the 

range  in  the  percent  leachable  discussed  previously,  and  Equation  5  were  used 
to  calculate  the  concentration  envelopes  in  Figures  Al  through  All. 

Discussion  of  results 

16.  As  indicated  in  Tables  A3,  A4,  and  A5 ,  estimated  pore  water  concen¬ 
trations  for  organic  contaminants  were  below  drinking  water  limits.  Drinking 
water  criteria  are  not  available  for  most  organic  contaminants .  The  estimated 
pore  water  concentrations  for  organic  contaminants  were  also  below  acute  fresh 
and  marine  water  quality  criteria  (US  Environmental  Protection  Agency  1986). 

17.  Pore  water  concentrations  for  cyanide  were  not  estimated  for  the 
reasons  previously  discussed.  Only  one  sediment  sample,  LC-9,  contained  cya¬ 
nide  (0.873  mg/kg).  The  cyanide  in  this  sample  could  be  a  statistical  outlier 
caused  by  errors  in  sampling,  preservation,  and/or  analysis. 

18.  Estimated  pore  water  metal  concentrations  vary  depending  on  distri¬ 
bution  coefficients  and  percentage  of  the  total  metal  concentration  that  is 
leachable.  As  indicated  In  Figures  Al  through  All,  pore  water  concentrations 
for  some  metals  could  exceed  drinking  water  criteria.  The  estimated  range  in 
pore  water  concentrations  for  cadmium,  mercury,  and  silver  did  not  exceed 
drinking  water  limits  for  any  of  the  sediments.  Copper  was  below  the  drinking 
water  limit  in  all  cases  except  one,  and  in  this  Instance  the  estimated  pore 
water  concentration  of  copper  was  above  the  drinking  water  limit  by  a  factor 
of  only  1.2.  For  the  CA  and  NWS  sediments,  zinc  was  below  the  drinking  water 
limit  for  leachable  fractions  less  than  0.1  (10  percent  of  total  zinc  concen¬ 
tration).  If  the  leachable  fraction  of  zinc  in  the  CA  and  NWS  sediments  is 
greater  than  0.1,  pore  water  zinc  concentrations  are  not  expected  to  r-ceed 
the  drinking  water  limit  by  a  factor  of  more  than  1.5.  For  the  LC  sediment, 
estimated  zinc  pore  water  concentrations  exceeded  the  drinking  water  limit  for 
some  K,j  values  when  leachable  fractions  were  greater  than  0.06  (6  percent  of 
the  total  zinc  concentration).  The  maximum  estimated  zinc  pore  water 
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concentration  for  the  LC  sediment  exceeded  the  drinking  water  I'mit  by  a 
factor  of  2.5.  Arsenic  was  below  the  drinking  water  limit  for  leachable  trac¬ 
tions  less  than  0.04  (4  percent  of  the  total  arsenic  concentration).  If  the 
leachable  fraction  of  arsenic  is  greater  chan  0.04,  pore  water  arsenic  concen¬ 
trations  could  exceed  the  drinking  water  limit  by  factors  ranging  from  2.8  to 
3.^1,  depending  on  the  sediment.  Estimated  chromium  and  lead  concentrations 
tended  to  exceed  the  drinking  water  limit  for  all  three  sediments.  If  the 
leachable  fraction  of  chromium  is  greater  than  0.03,  pore  water  chromium  con¬ 
centrations  could  exceed  the  drinking  water  limit  by  factors  of  11  to  19. 

Pore  water  lead  concentrations  could  exceed  the  drinking  water  limit  by 
factors  ranging  from  6  to  19  depending  on  Che  sediment. 

19.  Estimates  of  pore  water  quality  are  just  part  of  the  information 
needed  to  evaluate  leachate  impacts  on  groundwater  resources.  The  hydraulic 
conductivity  of  the  dredged  material  and  foundation  soils  significantly 
affects  seepage  rate.  The  sorption  properties  of  foundation  soils  also 
significantly  affect  Che  transport  of  contaminants  to  groundwater.  Most  foun¬ 
dation  soils  can  adsorb  metals  and  attenuate  their  movement  In  addition, 
dilution  by  groundwater  and  sorption  by  aquifer  materials  can  lower  contami¬ 
nant  concentrations  at  offsite  monitoring  wells  to  below  drinking  water  lim¬ 
its.  When  seepage  is  low  and  soil  sorption  is  high,  impacts  on  groundwater 
can  be  negligible. 

?!ced  for  addicional  leach  tests 

20.  Because  of  the  above  considerations,  it  should  be  emphasized  that 
estimates  of  pore  water  concentrations  do  not  necessarily  indicate  chat 
groundwiter  leachate  would  be  an  environmental  problem,  only  that  addicional 
tests  may  be  warranted.  The  following  recoousendations  are  made  regarding 
addicional  leach  tests: 

a.  Because  the  estimated  pore  water  concentrations  for  organic 

contaminants  were  below  available  drinking  water  limits,  labo¬ 
ratory  leach  testing  for  organic  contaminants  is  not 
recommended. 

ii.  Since  only  one  sediment  sample  (LC-9)  contained  cyanide,  no 
leach  tests  for  cyanide  are  recommended. 

c.  No  leach  testing  is  recommended  for  cadmium,  mercury,  silver, 
and  copper  because  the  estimated  pore  water  concentrations  were 
below,  less  chan,  or  approximately  equal  to  drinking  water 
limits . 

d-  Although  arsenic  and  zinc  pore  water  concentrations  could 

exceed  drinking  water  limits,  no  leach  testing  for  arsenic  and 
zinc  are  recommended  because  Che  maximum  exceedence  for  zinc 
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was  only  1.5  Cimes  Che  drinking  water  limit  and  the  maxita'on 
exceedence  for  arsenic  was  only  3.4  times  Che  drinking  water 
limit.  Sorption  and  dilution  in  foundation  soils  would  be 
expected  to  reduce  arsenic  and  zinc  concentrations  to  below 
drinking  water  limits. 

e.  Because  estimated  lead  and  chromium  pore  water  concentracion.s 
generally  exceeded  drinking  water  limits  and  maximum  exceed¬ 
ences  for  these  metals  were  19  times  the  drinking  water  limits, 
leach  tests  for  lead  and  chromium  may  be  needed,  to  provide 
data  for  predicting  pore  water  concentrations  for  the.se  metals 
for  specific  permit  applications  in  the  future.  The  need  for 
testing  would  depend  on  the  groundwater  resources  at  the  CDF 
under  consideration  and  the  lead  and  chromium  concentrations 
of  Che  sediments  to  be  dredged. 

£.  If  testing  is  required,  anaerobic  sequential  batch  leach  tests 
described  In  Myers  and  Brannon  (1988)  are  recommended.  Tests 
to  determine  the  sorption  properties  and  hydraulic  conductivity 
of  foundation  soils  at  candidate  sites  should  also  be 
considered. 
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Table  Al 


K-'.  Values  for  Organic  Contaainants* 


Organic 

Xcc 

ConCanjir.ant 

I/ZU)  . 

p .p-DDD 

7.7  E+05 

p , p -  DDE 

4.4  E+06 

p , p ■ DDT 

2.43  E+05 

Hcptachlor 

12,000 

Dieldrin 

1,700 

Endosulfan  sulfate** 

338.5 

Endr in** 

11,142 

Endrin  Aldehydef 

2  E+06 

Hcptachlor  Epoxide 

220 

Mcthoxvchlor 

80,000 

Fluoranthene 

38,000 

Pyrene 

38.000 

Chrvsene 

2  E+05 

Bis ( 2  - Ethylhexyl) Phthalate 

5,900 

Bento (b) Fluoranthene 

5.5  E+05 

Aroclor- 1254 

42.500 

Aroc lor- 1260t  t 

5.67  E+06 

*  From  Mercer,  Skipp,  and  Griffin  (1990). 

**  Estimated  with  Equation  6  and  data  from  Mercer,  Skipp,  and  Griffin 
(1990) . 

t  Estimated  with  Equation  8. 

tt  Estimated  with  Equation  7  and  data  from  Mercer,  Skipp,  and  Griffin 
(1990) . 
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Table  A2 


Averar.e*  Bulk  SedlKent  Contanlnant  Concentraf  lor;S  (mr./Vr.)** 


ChcT.ical 

NVS 

Sediment 

CA 

.  LC . 

p , p - DDD 

0 . 0004 

0.0026 

0.0030 

p , p- DDE 

0.0022 

0.0012 

0.0028 

p.p-DDT 

0.0012 

0.0022 

0.0025 

Hepcachlor 

0.0022 

0.0020 

0.0011 

Dieldrin 

0.0007 

tt 

0.0012 

Endosulfan  sulfate 

0.0014 

0.0012 

0.0007 

Endrin 

0.0003 

tt 

0.002 

Endrin  Aldehyde 

0.0011 

tt 

tt 

Heptachlor  Epoxide 

0.0007 

tt 

tt 

Methoxychlor 

0.0017 

tt 

0.0053 

Fluoranthene 

tt 

1.2 

1.04 

Pyrene 

tt 

t 

1.4 

Chrysene 

tt 

t 

0.94 

B2EPHt 

tt 

t 

0.53 

Benzo(b) Fluoranthene 

tt 

t 

0.78 

Aroclor- 125-1 

tt 

t 

0.005 

Aroclor-1260 

tt 

t 

0.07 

Cyanide 

tt 

t 

0.873 

Arsenic 

4.2 

4.8 

4.0 

Berllllun 

1.01 

1.7 

0.88 

Cadmium 

0.15 

0.13 

0.55 

Chromium 

56.0 

56.20 

32.6 

Copper 

28.0 

28.4 

72.4 

Lead 

19.7 

21.0 

57.1 

Mercury 

tt 

tt 

0.642 

Nickel 

29.8 

30.6 

17.2 

Silver 

0.14 

0.11 

0.36 

Thallium 

0.30 

0.25 

0.34 

Zinc 

135 

144 

245 

Organic  Carbon  (g/g) 

0.0724 

0.0298 

0.0188 

*  Averages  do  not  include  below  detection  limit  values. 
**  Except  as  noted. 

t  B2EPH  -  Bis(2-Ethylhexyl)Phthalate, 
ft  All  samples  were  below  the  detection  limit. 
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Table  a3 

Distribution  Coefficients.  Estimated  Pore  Water  Concentrations,  and 


Drinking  Water  Limits  for  Ort'anio  Contaminants  in  NVS  Sedinaent 


Organic  Contaminant 

Distribution 

Coefficient 

(f/kgl 

Estimated 

Pore  Water 
Concentration 
(uz/t) 

Drinking* 

Water 

Limits 

(ue/2) 

p , p- DDD 

55,770 

7.2  E-06 

p , p -  DDE 

3.2  E+05 

6.9  E-06 

p , p -  DDT 

17,600 

0.0001 

Heptachlor 

869 

0.0025 

Dieldr in 

123 

0,0057 

Endosulfan  sulfate 

24.5 

0.0591 

Endrin 

807 

0.0004 

0.2 

Endrin  Aldehyde 

1.4  E+05 

7.9  E-06 

Heptachlor  Epoxidi 

15.9 

0.0439 

Methoxychlor 

5,794 

0.0003 

100 

fluoranthene 

2,752 

Pyrene 

2,752 

Chrysene 

14,485 

** 

B2EPHt 

427 

-  - 

Senzo (b ) Fluoranthene 

39,835 

Aroc Lor- 1254 

3,078 

-  - 

Aroclor-1260 

4.1  E+05 

-  - 

*  USEPA  (1986). 

**  Not  present  in  sediment, 
t  B2EPH;  Bls(2 -Ethylhexyl) Phthalate , 


All 


Table 


Discribution  Cc>e Cf Iclents .  Estimated  Pore  Water  Concentrations,  and 
Drinking  Water  Limits  for  Organic  Contarolnants  In  CA  Sediment 


Organic  Contaminant 

Distribution 

Coefficient 

(Jl/kz) 

Pore  Water 
Concentration 
(ug/f ) 

Drinking 

Water 

Limits 

(ug/i) 

p .p-DDD 

55,696 

4.6  E-05 

p,p-DDE 

3.2  E+05 

3.9  E-06 

p.p-DDT 

17,577 

0.0001 

Heptachlor 

868 

0.0022 

Dielririn 

122 

** 

Endosulfan  sulfate 

24.5 

0.0490 

Endrin 

805 

** 

0.2 

Endrin  Aldehyde 

59,600 

** 

Heptachlor  Epoxide 

15.9 

.lethoxychlor 

5,786 

** 

iOO 

Fluoranthene 

2,748 

0.4366 

Pyrene 

2,748 

. . 

Chrysene 

14,466 

** 

B2EPHt 

426 

** 

Benzo(b) Fluoranthene 

39,783 

** 

Aroclor- 1254 

3,074 

Aroclor- 1260 

4.1  E+05 

** 

. . 

*  USEPA  (1986). 

Not  present  In  sediment, 
t  B2EPH  -  Bls(2-Ethylhexyl)Phthalate. 
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Table  A5 


Distribution  Coefficients.  Estlmaced  Pore  Water  Concentrations,  and 
Drinking  Water  Limits  for  Oi^anlc  Contaminants  In  LC  Sediment 


Organic  Contaminant 

Distribution 

Coefficient 

a/kz) 

Pore  Water 
Concentration 
(uK/i) 

Water* 

Quality 

Criteria 

(uz/S) 

p , p - DDD 

26,110 

O.GOOl 

p  ,p-DDE 

1.5  E+05 

1.8  E-05 

p , p-DDT 

823 

0 . 0003 

Heptachlor 

407 

0.0029 

Dieldrin 

57.6 

0.0191 

Endosulfan  sulfate 

11.5 

0.0610 

Endrin 

378 

0.0053 

0.2 

Endrin  Aldehyde 

37,600 

Heptachlor  Epoxide 

7.46 

.  - 

Methoxychlor 

2,713 

0.0020 

IPO 

Fluoranthene 

1,288 

0.8071 

.  . 

Pyrene 

1,288 

1.0865 

-  - 

Chrysene 

6,782 

0.1386 

B2EPHt 

200 

2.6492 

Benzo(b) Fluoranthene 

18,650 

0.0418 

.  . 

Aroclor- 1254 

1,441 

0.0035 

Aroclor • 1260 

1.9  E+05 

0 . 0004 

*  USEPA  (1986). 

**  Not  present  in  sediment, 
t  B2EPH  -  Bis(2-Ethylhexyl)Phthalate, 
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Table  A6 


Teachable  Metals  in  Selected  Estuarine  Sediments 


Percent  Teachable 


Metal 

Mobile* 

Bav 

Bridgeport* 

Harbor 

Everett** 

Bav 

New  Bedford! 
Harbor 

Rotterdam! ! 
Harbor 

Arsenic 

3.12 

1.66 

7.33 

1.73 

* 

1 

Cadmium 

0.60 

4.32 

3.33 

0.68 

1.82 

Chromium 

t 

t 

1.11 

0.69 

t 

Copper 

0.74 

0.008 

2.32 

1.31 

2.27 

Nickel 

2.16 

1.66 

3.74 

0.98 

t 

Tead 

t 

t 

2.50 

0.25 

3.18 

Zinc 

2.22 

14.16 

2.02 

0.97 

2.50 

*  Sum  of  incersclclal ,  exchangeable,  and  moderately  reducible  phases,  from 
Brannon  et  al .  (1976). 

**  Total  extracted  In  anaerobic  sequential  batch  leach  test,  from  Palermo 
et  al.  (1989). 

t  Total  extracted  in  anaerobic  sequential  batch  leach  test,  from  Myers  and 
Brannon  (1988). 

tt  Total  extracted  In  anaerob  sequential  batch  leach  test,  from  Steneker, 
Van  Der  Sloot,  and  Das  (1986;. 
t  No  data. 
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Figure  Al.  Estimated  arsenic  pore  water  con¬ 
centrations  in  NWS,  CA,  and  LC  sediments  as  a 
function  of  Kj  and  teachable  fraction  (TSC  - 
total  sediment  concentration,  DWL  -  drinking 
water  limit) 


Figure  A2.  Estimated  beryllium  pore  water  con¬ 
centrations  in  NVS,  CA,  and  LC  sediments  as  a 
function  of  Kj  and  leachable  fraction  <TSC  is 
the  total  sediment  concentration) 
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Figure  a4.  Estimated  chromium  pore  water  con¬ 
centrations  in  NWS,  CA,  and  LC  sediments  as  a 
function  of  Kj  and  leachable  fraction  (TSC  - 
total  sediment  concentration,  DWL  -  drinking 
water  limit) 


Figure  A5.  Estimated  copper  pore  water  concen 
tratlors  In  NWS,  CA,  and  LC  sediments  as  a 
function  of  and  leachable  fraction  (TSC  - 

total  sediment  concentration,  DWL  -  drinking 
water  limit) 
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Figure  A6.  Estlaated  lead  pore  water  concen¬ 
trations  in  NWS,  CA,  and  LC  sediments  as  a 
function  of  and  teachable  fraction  (TSC  - 

total  sediment  concentrations,  DWL  -  drinking 
water  limit) 


Figure  A7.  Estimated  mercury  pore  vater  concentrations  in  LC 
sediment  as  a  function  of  Kj  and  leachable  fraction  (Hg  was 
not  present  in  NWS  and  CA  sediments,  TSC  —  total  sediment  con¬ 
centration,  DWL  -  drinking  water  limit) 
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Figure  a9 .  Estimated  silver  pore  water  con¬ 
centrations  in  NWS,  CA,  and  LC  sediments  as 
a  function  of  K,|  and  leachable  fraction 
(TSC  -  total  sediment  concentration.  DUL  •• 
drinking  water  limit) 
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GLOSSARY 


Definlclons  of  terms  as  they  are  used  in  this  document  are  given  below. 

Aquatic  Environment  -  The  geochemical  environment  in  which  dredged  material  is 
submerged  under  water  and  remains  water-saturated  after  disposal  is  completed. 

Aquatic  Ecosystem  -  Bodies  of  water.  Including  wetlands,  that  serve  as  the 
habitat  for  interrelated  and  interacting  communities  and  populations  of  plants 
and  animals. 

Baseline  -  Belt  of  the  seas  measured  from  the  line  of  ordinary  low  water  along 
that  portion  of  the  coast  that  is  in  direct  contact  with  Che  open  sea  and  the 
line  marking  the  seaward  limit  of  inland  waters  (See  Figure  1  in  the  main 
text) . 

Beneficial  Uses  -  Placement  or  use  of  dredged  material  for  some  productive 
purpose.  Beneficial  uses  may  Involve  either  the  dredged  material  or  Che 
placement  site  as  the  integral  component  of  the  beneficial  use. 

Bioaccumulation  -  The  accumulation  of  contaminants  in  Che  tissues  of  organisms 
through  any  route,  including  respiration,  ingestion,  or  direct  contact  with 
contaminated  water,  sediment,  or  dredged  material. 

Biological  Monitoring  -  Systematic  determination  of  the  effects  on  aquatic 
life,  including  accumulation  of  pollutants  in  tissue,  in  receiving  waters  as  a 
result  of  the  discharge  of  pollutants  (a)  by  techniques  and  procedures, 
including  sampling  of  organisms  representative  of  appropriate  levels  of  the 
food  chain  appropriate  to  Che  volume  and  the  physical,  chemical,  and  biologi¬ 
cal  characteristics  of  the  effluent,  and  (b)  at  appropriate  frequencies  and 
locations . 

Coastal  Zone  -  Includes  coastal  waters  and  the  adjacent  shorelands  designated 
by  a  State  as  being  included  within  its  approved  co  .stal  zone  management  pro¬ 
gram  under  the  Coastal  Zone  Management  Act  (CZMA  1972) .  The  coastal 
include  open  waters,  estuaries,  bays,  inlets,  lagoons,  marshes,  swamps,  man¬ 
groves,  beaches,  dunes,  bluffs,  and  coastal  uplands.  Coastal -zone  uses  can 
,.nclude  housing,  recreation,  wildlife  habitat,  resource  extraction,  fishing, 
aquaculture,  transportation,  energy  generation,  commercial  development,  and 
vast,  disposal  (NOAA  1988). 

Confined  Disposal  -  A  disposal  method  that  isolates  the  dredged  material  from 
the  environment.  Confined  disposal  includes  capping  and  contained  aquatic 
disposal  at  open-water  sites  and  placement  of  dredged  material  within  diked 
intertidal  or  upland  confined  disposal  facilities  via  pipeline  or  other  means. 

Confined  Disposal  Facility  (CDF)  -  A  confined  disposal  facility  (CDF)  is  a 
diked  area  used  to  contain  dredged  material.  The  terms  confined  disposal 
facility,  dredged  material  containment  area,  diked  disposal  facility,  and  con¬ 
fined  disposal  area  are  used  interchangeably  in  the  literature. 
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Contaminant  -  A  chemical  or  biological  substance  in  a  form  that  can  be  incor¬ 
porated  into,  onto,  or  be  ingested  by  and  that  harms  aquatic  organisms,  con¬ 
sumers  of  aquatic  organisms,  or  users  of  the  aquatic  environment. 

Contaminated  Sediment  or  Contaminant  Dredged  Material  -  Contaminated  sediments 
or  contaminated  dredged  materials  are  defined  as  those  that  have  been  demon¬ 
strated  to  cause  an  unacceptable  adverse  effect  on  human  health  or  the 
environment . 

Control  Measure  -  See  Management  Action. 

Disposal  site  or  area  -  A  precise  geographical  area  within  which  disposal  of 
dredged  material  occurs. 

Dredged  Material  -  Material  excavated  from  waters  of  the  United  States  or 
ocean  waters.  The  term  dredged  material  refers  to  material  which  has  been 
dredged  from  a  water  body,  while  the  term  sediment  refers  to  material  in  a 
water  body  prior  to  the  dredging  process. 

Dredged  Material  Discharge  -  The  term  dredged  material  discharge  as  used  in 
this  document  means  any  addition  of  dredged  material  into  waters  of  the  United 
States  or  ocean  waters.  The  term  includes  open  water  discharges;  discharges 
resulting  from  unconfined  disposal  operations  (such  as  beach  nourishment  or 
other  beneficial  uses) ;  discharges  from  confined  disposal  facilities  which 
enter  waters  of  the  United  States  (such  as  effluent,  surface  runoff,  or 
leachate);  and  overflow  from  dredge  hoppers,  scows,  or  other  transport 
vessels . 

Effluent  -  Water  that  is  discharged  from  a  confined  disposal  facility  during, 
and  as  a  result  of,  the  filling  or  placement  of  dredged  material. 

Emergency  -  In  the  context  of  dredging  operations,  emergency  is  defined  in  33 
CFR  Parc  335.7  as  a  "situation  which  would  result  in  an  unacceptable  hazard  to 
life  or  navigation,  a  significant  loss  of  property,  or  an  Immediate  and 
unforeseen  significant  economic  hardship  if  corrective  action  is  not  taken 
within  a  time  period  of  less  chan  the  normal  time  needed  under  standard 
procedures , " 

Federal  Project  -  Herein,  any  work  or  activity  of  any  nature  and  for  any  pur¬ 
pose  that  is  CO  be  performed  by  or  for  the  Secretary  of  the  Army  acting 
through  the  Chief  of  Engineers  pursuant  to  Congressional  authorizations.  It 
does  not  Include  work  requested  by  any  other  Federal  agency  on  a  cost- 
reimbursable  basis. 

Federal  Standard  -  The  dredged  material  disposal  alternative  or  alternatives 
identified  by  the  US  Army  Corps  of  Engineers  that  represent  the  least  costly 
alternatives  consistent  with  sound  engineering  practices  and  meet  the  environ¬ 
mental  standards  established  by  the  404(b)(1)  evaluation  process  or  ocean¬ 
dumping  criteria  (33  CFR  335.7). 

Habitat  -  The  specific  area  or  environment  in  which  a  particular  type  of  plant 
or  animal  lives.  An  organism's  habitat  provides  all  of  the  basic  requirements 
for  the  maintenance  of  life.  Typical  coastal  habitats  include  beaches, 
marshes,  rocky  shores,  bottom  sediments,  mudflats,  and  the  water  itself. 


LfachaCe  -  Water  or  any  octier  liquid  that  may  contain  dissolved  (leached) 
soluble  materials,  such  as  organic  salts  and  mineral  salts,  derived  iroin  a 
solid  iii.iterial.  For  example,  rainwater  that  percolates  through  a  confined 
disposal  facility  and  picks  up  dissolved  contain'' nants  is  considered  leachate. 

Local  Sponsor  -  A  public  entity  (e.g.,  port  district)  that  sponsors  Federal 
navigation  projects.  The  sponsor  seeks  to  acquire  or  hold  permits  and  approv¬ 
als  for  disposal  of  dredged  material  at  a  disposal  site  (USAGE  1986) . 

Major  Federal  Action  -  Includes  actions  with  effects  that  may  be  major  and 
that  are  potentially  subject  to  Federal  control  and  responsibility.  "Major" 
refers  to  the  context  (meaning  chat  Che  action  must  be  ana)""  in  several 
contexts,  such  as  the  effects  on  the  environment,  society,  regions,  interests, 
and  locality)  and  intensity  (meaning  the  severity  of  the  impact),  It  can 
include  (a)  new  and  continuing  activities,  projects,  and  programs  entirely  or 
partly  financed,  assisted,  conducted,  regulated,  or  approved  by  Federal 
agencies;  (b)  new  or  revised  agency  rules,  regulations,  plans,  policies,  or 
procedures:  atid  (c)  legislative  proposals.  "Action"  does  not  include  funding 
assistance  solely  in  the  form  of  general  revenue  -  sharing  funds  where  there  is 
no  Federal  agency  control  over  the  subsequent  use  of  such  funds.  "Action" 
also  does  not  include  judicial  or  administrative  civil  or  criminal  enforcement 
action. 

Management  Action  -  Those  actions  or  measures  that  may  be  considered  necessary 
to  control  or  reduce  the  potential  physical  or  chemical  effects  of  dredged 
material  disposal. 

Mitigation  -  As  defined  in  the  Council  on  Environmental  Quality's  (CEQ) 
regulation  40  CFR  1508.20  (a-e),  mitigation  includes  "Avoiding  the  Impact 
altogether  by  not  taking  a  certain  action  or  parts  of  an  action." 

Open-Water  Disposal  -  Placement  of  dredged  material  in  rivers,  lakes,  estu¬ 
aries,  or  oceans  via  pipeline  or  surface  release  from  hopper  dredges  or 
barges . 

Record  of  Decision  (ROD)  -  A  comprehensive  summary  required  by  the  National 
Environmental  Policy  Act  (NEPA)  that  discusses  the  factors  leading  to  US  Army 
Corps  of  Engineers  (USACE)  decisions  on  regulatory  and  Civil  Works  matters  and 
is  signed  by  the  USACE  District  Engineer  after  completion  of  appropriate  envi¬ 
ronmental  analysis  and  public  Involvement. 

Regulations  -  In  the  context  of  the  Marine  Protection,  Research,  and  Sanctu¬ 
aries  Act,  chose  regulations  published  in  the  Code  of  Federal  Regulations, 
Title  40,  Parcs  220-227,  and  Title  33,  Parts  209,  320-330,  and  335-338  for 
evaluating  proposals  for  dumping  dredged  material  in  the  ocean.  In  the  con¬ 
text  of  the  Clean  Water  Act,  refers  to  regulations  published  in  the  Code  of 
Federal  Regulations,  Title  40,  Parts  230,  231,  and  233,  and  Title  33,  Parts 
209,  320-330,  and  335-338  for  evaluating  proposals  for  the  discharge  of 
dredged  material  into  waters  falling  under  the  jurisdiction  of  the  Clean  Water 
Act . 

Runoff  -  Tlie  liquid  fraction  of  dredged  material  or  Che  surface  flow  caused  by 
precipitation  landing  on  upland  or  nearshore  dredged  material  disposal  sites. 
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Sediment  -  Material,  such  as  sand,  slit,  or  clay,  suspended  in  or  settled  on 
the  bottom  of  a  water  body.  Sediment  input  to  a  body  of  water  comes  from 
natural  sources,  such  as  erosion  of  soils  and  weathering  of  rock,  or  as  the 
result  of  anthropogenic  activities,  such  as  forest  or  agricultural  practices, 
or  construction  activities.  The  term  dredged  material  refers  to  material 
which  has  been  dredged  from  a  water  body,  while  the  term  sediment  refers  to 
materials  in  a  water  body  prior  to  the  dredging  process. 

Suspended  Solids  -  Organic  or  inorganic  particles  that  are  suspended  in  water. 
The  term  includes  sand,  mud,  and  clay  particles  as  well  as  other  solids,  such 
as  biological  material,  suspended  In  the  water  column. 

Territorial  Sea  -  The  strip  of  water  Immediately  adjacent  to  the  coast  of  a 
nation  measured  from  the  baseline  as  determined  in  accordance  with  the  Conven¬ 
tion  on  the  Territorial  Sea  and  the  Contiguous  Zone  (15  UST  1606;  TIAS  5639), 
and  extending  s  distance  of  3  nautical  miles  from  the  baseline. 

Toxicity  -  Level  of  mortality  by  a  group  of  organisms  chat  have  been  affected 
by  the  properties  of  a  substance,  such  as  contaminated  water,  sediment,  or 
dredged  material. 

Toxic  Pollutant  •  Pollutants,  or  combinations  of  pollutants,  Including 
disease -causing  agents,  chat  after  discharge  and  upon  exposure.  Ingestion, 
inhalation,  or  assimilation  into  any  organism,  either  directly  from  the  envi¬ 
ronment  or  indirectly  by  ingestion  through  food  chains,  will,  on  the  basis  of 
information  available  to  the  Administrator  of  the  US  Environmental  Protection 
Agency  (EPA) .  cause  death,  disease,  behavioral  abnormalities,  cancer,  genetic 
mutations,  physiological  malfunctions,  or  physical  deformations  in  such  organ¬ 
isms  or  their  offspring. 

Turbidity  -  An  optical  measure  of  Che  amount  of  material  suspended  in  the 
w  :er.  Increasing  the  turbidity  of  the  water  decreases  the  amount  of  light 
i,  it  penetrates  the  water  column.  Very  high  levels  of  turbidity  can  be  harm¬ 
ful  Co  aquatic  life  (USAGE  1966). 

Upland  Environment  -  Tne  geochemical  environment  in  which  dredged  material  may 
become  unsaturated,  dried  out,  and  oxidized. 

Wetlands  -  Areas  that  are  Inundated  or  saturated  by  surface  or  groundwater  at 
a  frequency  and  duration  sufficient  to  support,  and  chat  under  normal  circum¬ 
stances  do  support,  a  prevalence  of  vegetation  typically  adapted  for  life  in 
saturated-soil  conditions.  Wetlands  generally  include  swamps,  marshes,  bogs, 
and  similar  areas. 

Wetlands  Restoration  -  Involves  either  improving  the  condition  of  existing 
degraded  wetlands  so  Chat  the  functions  chat  they  provide  are  of  a  higher 
quality,  or  reestablishing  wetlands  where  they  formerly  existed  before  they 
were  drained  or  otherwise  converted  (Conservation  Foundation  1988) . 

Zoning  -  To  designate,  by  ordinances,  areas  of  land  reserved  and  regulated  for 
specific  land  uses. 
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